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Numerous papers have dealt in some detail with the fine structure 
of bile canaliculi and their relation to parenchymal liver cells and to the 
spaces of Disse.**® Yamada*™ analyzed the fine structure of the gall- 
bladder of mice. Only one paper referred to the electron microscopic 
appearance of bile ductules in portal tracts.’” 

The purpose of this study is to delineate the morphology of the ulti- 
mate and penultimate branches of the biliary tree as a base line for in- 
vestigations of pathologic alterations of these structures. Observations 
of other investigators will be examined in the light of new information 
gained by the use of metallic impregnation and staining techniques ap- 
plied to electron microscopy. 


MATERIAL AND METHODS 


Normal livers of dogs, rabbits and rats, in addition to human surgical biopsy 
specimens, were examined. Small fragments of tissue were fixed in Palade’s buffered 
osmium tetroxide (pH 7.4) for 2 hours and processed through graded alcohols in 
the usual manner. A few blocks of tissue were transferred, after a normal fixation 
period in Palade’s osmium tetroxide, to the first solution of alcohol containing 5 per 
cent uranyl acetate for one-half hour before further dehydration. All tissues were 
finally embedded in butyl-methyl methacrylate (8:1). Ultrathin sections were then 
cut on a Porter-Blum ultramicrotome and examined unstained with a phase contrast 
microscope. Poorly preserved tissues were rejected at this stage, attention being paid 
particularly to the liver plate-portal connective tissue junction. This tended to be- 
come disrupted, probably as a result of uneven polymerization of methacrylate. 
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Some sections were picked up on Formvar-coated grids without further process- 
ing. These included unstained sections of osmium tetroxide-fixed material as well as 
those from uranyl acetate-impregnated blocks. Other ultrathin sections were floated 
on and stained in the following manner: (a) with silver methenamine, with and with- 
out prior periodic acid oxidation (PASM and SM) *; (b) with phosphotungstic acid 
(10 per cent solution) for 15 minutes, 1 hour and 18 hours respectively (PTA). This 
is basically an adaptation of the PTA stain for bile canaliculi suggested by Mallory; 
(c) with lead hydroxide by the method of Dalton and Zeigel”; (d) with protargol 
(silver proteinate) by the method of Movat.* 

The sections were examined in an RCA EMU-3-E microscope at magnifications 
ranging from 1,400 to 32,000. Further enlargement was obtained by means of a Leitz 
Focomat II enlarger. 


TERMINOLOGY 


The nomenclature of the terminal branches of the biliary tree is some- 
what confused. The term bile canaliculus '*~*° is used synonymously with 
bile capillary.” Others reserve the latter term for connecting channels 
between the lobular and portal tract conducting systems.” Many syno- 
nyms are being used to designate these connecting canals such as canal 
of Hering,’® duct of Hering**® and “Zwischenstiicke.” ** The latter is 
translated by Popper and Schaffner ’® as “intermediary portion” and by 
Schiff *? as “intermediate canal.” In addition, Eppinger ** used the term 
ampulla to describe the dilated junction of bile canaliculi and bile 
ductules. This term is also used by Schiff.?* However, Popper and Schaff- 
ner ** point out that the term ampulla may be used to designate the en- 
tire intermediary portion. 

Bile ductules and bile ducts are the designations used by most authors 
for the remaining larger branches of the biliary tree in portal tracts. 
Some use the term terminal bile ducts or cholangioles for the smallest 
branches in this system.”° Others lump these entities together under the 
term of bile ducts (Gallengange),?* axial branches of bile ducts’ or 
interlobular bile 

We consider that the terms canaliculus or canal refer to a passage 
which possesses no specialized lining of its own, i.e., it is merely a tissue 
space. On the other hand, the term ductule or duct implies a channel pro- 
vided with its own specialized lining cells. The term bile canaliculus is 
acceptable for the intralobular portion of the system since it is formed 
merely by a gap between parenchymal liver cells. It will be shown that 
in the interlobular portion of the system all passages are lined by biliary 
epithelial cells even though in some parts they are formed by a mere 
focal separation of the limiting membranes of these cells. 

It is proposed to employ the following terminology for the terminal 
branches of the biliary tree: 

(1) Bile canaliculi will be the term used for intralobular passages 
bounded by parenchymal liver cells. 
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(2) Bile pre-ductules will be employed in the designation of the con- 
necting channels between bile canaliculi and bile ductules in portal 
tracts. (The term duct of Hering will be used synonymously with this.) 
(3) Bile ductules and bile ducts will be applied to the larger branches 
of the biliary tree in extralobular locations. 
The ampullary portion of this system could not be identified in 
electron micrographs, and the term will therefore not be used. 


RESULTS 


The fine structure of parenchymal liver cells has been adequately 
reviewed in the literature. Biliary epithelium, on the other hand, has 
not been examined in detail. Because of its importance in relation to 
the course of the terminal branches of the biliary tree, its appearance 
will be analyzed before the course of the ultimate and penultimate path- 
ways of bile conduction will be outlined. 


The Fine Structure of Biliary Epithelium 


These cells in biliary passages have been described as cuboidal, with 
various amounts of fairly homogeneous cytoplasm with fewer mitochon- 
dria and less ergastoplasm than parenchymal liver cells.1* The micro- 
villi of these cells have been said to be shorter and farther apart than in 
liver cells.** The over-all shape of the cells is usually pyramidal with a 
slight apical narrowing at the lumen surface (Figs. 7 and 10). Occa- 
sional cells have elongated processes projecting toward the lumen from 
a wide base so that their participation in the formation of the lumen 
boundary is narrow when observed in a two-dimensional plane. 

The lateral cell walls form closely interlocking cytoplasmic processes 
(Figs. 7, 10 and 18). The cell membranes in human tissue each measure 
460 A in thickness and are separated from each other by a paler inter- 
cellular zone measuring on an average of 1,860 A in width. This com- 
pares with the measurements in the gallbladder of mice where the cell 
membranes measure 150 A and the intervening space 100 A." In the 
human subject the complexity of the interlocking of cells is far greater 
than in the various animal species examined. In general, the plications 
are more numerous toward the base of the cell pyramid. Desmosomal 
cytoplasmic densities are noted occasionally around the cell membranes 
in the immediate vicinity of the lumen. 

The lumen surface of biliary epithelium as well as focal gaps between 
lateral cell walls are provided with microvilli (Figs. 7 to 13, 16, 17 and 
19). These are progressively larger with increasing width of the lumen. 
The microvilli are provided with a double-membrane covering (outer 
layers 626 A each and inner clear zone 660 A). This is rather difficult to 
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demonstrate because of the frequent tangential direction of sections 
through the surface of the microvilli (Fig. 19). 

Contrary to the statement of others,’* mitochondria are frequently 
abundant in biliary epithelium (Fig. 7) though variations are noted in 
their number and distribution. In agreement with others,’*’* mitochon- 
dria are frequently found to be layered or aggregated in two zones, one 
adjacent to the lumen of ducts and ductules and another adjacent to the 
outer border of these cells. The over-all shape of the mitochondrial 
corpuscles varies from round to elongated. The cristae mitochondriales 
usually traverse almost the entire width of the corpuscle, dividing the 
matrix into multiple slit-like intercommunicating compartments (Fig. 
15). This is akin to the structure of the mitochondria in cells of mesen- 
chymal orgin. It is distinct from that of parenchymal liver cell mito- 
chondria in which the cristae generally project only about one third of 
the distance from the periphery towards a hypothetical center in a spoke- 
like fashion, leaving a considerable amount of free matrix in the lumen 
(Fig. 14). The “opaque bodies” which are prominent in parenchymal 
cell mitochondria (Fig. 14) are less numerous and distinct in biliary 
epithelium. 

The ergastoplasm (endoplasmic reticulum) is mainly of the smooth- 
surfaced, agranular kind. In lead hydroxide-stained sections, only a few 
ergastoplasmic membranes are provided with microsomal granules. Free 
cytoplasmic ribosomes were equally scarce. Golgi areas are usually 
prominent and located on the lumen side of the nucleus (Fig. 7). Centro- 
somes are seen only very rarely. 

The nuclei are situated in the basal half of the cells. The karyoplasm 
is evenly distributed, and, unlike parenchymal cells, peripheral conden- 
sation of this substance and nucleoli are rarely prominent. Electron- 
dense microbodies are found within the cytoplasm frequently (Figs. 12, 
13, and 16 to 18). These are usually membrane-enclosed. Their main 
component is probably lipid, but the possibility that at least some also 
contain carbohydrate is supported by their marked staining intensity 
with PASM ”° (Figs. 8, 10 and 11). 

In addition to the characteristic cells, others are found in the penulti- 
mate branches of the biliary tree, located near the outer margin of the 
passages. In two-dimensional sections these do not reach the lumen. 
They were designated as intercalated cells (Fig. 7) and are generally 
characterized by less complex infoldings of cell membranes and by a 
lesser number of cytoplasmic organelles. These cells must be distin- 
guished from mesenchymal elements which are often found intermingled 
with biliary epithelial cells in the vicinity of the basement membrane of 
bile ductules and ducts, particularly in rabbits. Such a distinction is oc- 
casionally difficult to make. 
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The basement membrane on which the outer surface of biliary epi- 
thelium rests is usually a simple structure 3,100 A in width, with a space 
of approximately 2,780 A separating it from the limiting membrane of 
the cells (Fig. 16). In human tissue the basement membrane is often a 
more complex, branching structure with both its thickness and its dis- 
tance from biliary epithelium extremely variable (Figs. 7, 8 and 11). 
The membrane stands out clearly with the PTA stain (Fig. 16). Its ex- 
treme PASM positivity (Figs. 8 and 11) is probably related to its glyco- 
protein composition.”* It is not clear whether the membrane is elaborated 


by the cells or by fibroblasts in the connective tissue beyond the base- 
ment membrane. 


The Course of the Terminal Pathways of Bile Conduction 


The intralobular portion of the biliary tree—the bile canaliculi—are 
merely gaps between adjacent parenchymal liver cells (Figs. 1 to 6). 
The bile pre-ductules (ducts of Hering) are similarly located between 
two adjacent biliary epithelial cells in portal tracts (Figs. 9 and 17). 
Bile ductules in extralobular areas are formed by rosettes of biliary 
epithelial cells surrounding a lumen (Figs. 7, 8, 10, 12, 16 and 17). Be- 
cause of extremely tortuous courses, these passages are seen mostly in 
cross section. Text-figure 1 shows a series of such cross sections on the 
left side and on the right a surmised reconstruction of the longitudinal 
course of these channels. 

A thorough search of the periphery of lobules revealed infrequent 
points of contact between parenchymal liver cells and biliary epithelium. 
This is observed to occur in one of 3 ways: (a) a side-to-side contact 
of the cell membranes of these cells; (b) an interposition of one or 
several biliary epithelial cells between two parenchymal cells of the 
peripheral liver plate (Fig. 10); (c) a herniation of a parenchymal liver 
cell in the periphery of a lobule into a basement membrane-bounded 
canal lined by biliary epithelium (Fig. 11). 

A basement membrane (thick black line in Text-fig. 1) is never inter- 
posed between a biliary epithelial cell and parenchymal cell at their 
point of contact (Figs. 10 and 11). Higher up the tree, in ductules and 
ducts, the rosettes of biliary epithelium lining them are completely sur- 
rounded by a basement membrane (Figs. 8 and 16). Thus in cross sec- 
tion it appears that the duct of Hering would have to traverse the base- 
ment membrane in order to reach the lumen of the ductules (Text-fig. 1, 
left). A longitudinal reconstruction (Text-fig. 1, right), however, shows 
that the biliary pathway is a continuous channel which never needs to 
cross this membrane. 

Both bile canaliculi and ducts of Hering form a complex network of 
channels which are probably branching. It is at present not clear whether 
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each duct of Hering corresponds to one canaliculus or whether canaliculi 
form a confluence prior to entering into the confines of biliary epithelial 
cells where the channels again branch. Only serial sections of these areas 


SERIAL RECONSTRUCTED 
TRANSVERSE SECTIONS LONGITUDINAL COURSE 


BEC - biliary epithelial cell PT —- portal tract 
PLC - parenchymal liver cell LL —- liver lobule 
K - Kupffer cell BD —- bile ductule 
S - sinusoid BPD -— bile pre - ductule 
BC - bile canaliculus 
TEXT-FIGURE 1. Outline of the course of the terminal branches of the biliary tree. 


of transition from canaliculi to pre-ductules will supply the answer to 
this problem. 


The Fine Structure of Bile Canaliculi 


Bile canaliculi are bounded only by the limiting membranes of ad- 
jacent liver cells.* With PTA stain, an intensification of the staining 
properties of all such membranes is noted where they form the wall of 
biliary passages. By these means, all microvilli are found to have a 
double lining membrane. This is most difficult to resolve at a canalicular 
level since the separation of the two outer layers seems to be less than 
12 A. Higher up the biliary tree this is seen more easily (Fig. 19). The 
over-all topography of these channels has been adequately reviewed.’ 
As most observers have noted, connections between bile canaliculi and 
spaces of Disse cannot be demonstrated (Fig. 6). This observation con- 
tradicts the findings of Rouiller.**?° The differentiation between 
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sinusoidal recesses and canals and bile canaliculi is aided by the use of 
the PTA stain since reticulin fibers can easily be observed in the former” 
and their absence noted in the latter. 

The number of bile canaliculi in a given low-power field (X 1,400) 
of normal hepatic parenchyma is extremely variable, and alleged reduc- 
tions in numbers must perforce constitute merely an impression. The 
width of canalicular lumens has been stated to be one » and the lumen 
round.® Even in well-preserved tissue, variations are noted in both width 
and shape of the lumen, depending on the angle of sectioning (Fig. 3). 
Occasionally a section passes through in such a way that the impression 
is gained that no lumen is present. In other instances channels somewhat 
wider than one » are noted (Fig. 5). Tangential sections probably do not 
account for all such variations, and the functional status of neighboring 
liver cells may have a bearing on this.”° Interpretation of pathologic 
alterations can therefore be based only on striking deviations from 
normal. 

The fine structure of the microvilli of liver cells, where these project 
into bile canaliculi, has been described by others.* They are said to be 
regularly distributed and equal in width (0.05 to 0.1 »). Observations in 
this laboratory show variations in the numbers, length and width of the 
microvilli in normal tissues (Figs. 4 and 5), confirming the views ex- 
pressed by others.”° Judgment of pathologic alterations of microvillous 
borders must therefore be based in the final analysis on impressions of 
grossly disturbed patterns of these structures rather than on exact meas- 
urements. 

The contents of bile canaliculi can be visualized only on rare occasions 
in normal tissues as a faintly electron-opaque, apparently nonparticu- 
late, cloudy material (Fig. 2). In PASM-stained sections diastase- 
digestible glycogen granules are found occasionally in the lumens as well 
as in the microvilli.’ 

It has been suggested that rat liver cell mitochondria are oriented in 
sinusoid-canalicular directions as part of the over-all polarization of 
cytoplasmic organelles, and that the Golgi apparatus, which is known 
to be related to excretory function,”* is always? or commonly ™ situated 
adjacent to bile canaliculi.? Our observations often showed random ori- 
entation of mitochondria and absence of Golgi material from the neigh- 
borhood of canaliculi. The latter finding may be related to variable levels 
of sectioning. Polarization of parenchymal cell mitochondria and of the 
endoplasmic reticulum in a canalicular direction is seen very rarely (Fig. 
1). Small, probably pinocytic vesicles are usually abundant in the cell 
cytoplasm in the immediate neighborhood of canaliculi (Figs. 1 and 2), 
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where the cytoplasmic matrix is frequently more highly electron-dense 
than in the remainder of the cell (Fig. 2). 

The Fine Structure of Bile Pre-ductules and Ductules. At the point of 
origin, the ducts of Hering are always bounded on one side by one or 
more parenchymal liver cells, and on the other by one or several biliary 
epithelial cells. From then onward they pass between two biliary 
epithelial cells and are seen in cross-section as mere gaps between the 
cell membranes which are provided with microvilli on these surfaces 
(Figs. 9 and 17). The ducts of Hering end at the point of confluence with 
bile ductules. Bile ductules are channels bounded by a rosette of biliary 
epithelial cells which are provided on their entire lumen surface by 
microvilli (Figs. 8 to 10, 12, 13, 16 and 17). 

The distinction between pre-ductules and ductules in cross section is 
easily apparent (Text-fig. 1, left). In longitudinal section, however, the 
distinction is impossible to make since the difference depends on an as- 
sessment of the width of the lumen (Text-fig. 1, right; Fig. 8). 

The length of bile pre-ductules is also difficult to assess because of 
their extremely tortuous course, but occasionally they appear to traverse 
merely the length of one biliary epithelial cell before reaching the lumen 
of a ductule (Figs. 10 and 11). 

The width of the lumens and the size, shape and distribution of the 
microvilli of biliary epithelium where these project into bile pre-ductules 
and ductules are subject to the same variations which have been de- 
scribed in bile canaliculi (Figs. 7, 10, 12 and 13). It is therefore equally 
important in these locations to limit allegations of pathologic changes to 
observations of grossly disturbed normal patterns. The biliary epithelial 
cells which form bile pre-ductules and the outer surface of the rosettes 
of these cells which form bile ductules are always covered by a basement 
membrane. The only gap in this envelope occurs at the point of contact 
between biliary epithelium and parenchymal liver cells in the marginal 
areas of the lobules. 


DISCUSSION 


The study of the fine structure of normal bile canaliculi pre-ductules 
and ductules shows that variations in the over-all distribution, size and 
shape, as well as in the size, shape and distribution of their microvilli oc- 
cur and need be taken into consideration when assessing pathologic 
alterations of these structures. It is suggested that only major deviations 
from the normal pattern should be interpreted as pathologic and that 
little reliance should be placed within wide limits on actual measurements. 

The observation that microvilli projecting into biliary passages from 
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both liver cells and biliary epithelium are provided with a double lining 
membrane needs to be interpreted with caution at present. The finding 
is most easily confirmed by examination of ultrathin sections stained 
with PTA. This method has been suggested by Mallory “* for the stain- 
ing of bile canaliculi for light microscopy and adapted by us for electron 
microscopy. The results show that the lining of microvilli stains ex- 
tremely intensely by this method (as do collagen and reticulin fibrils 
and some lipid inclusions) whereas other parts of both parenchymal and 
biliary epithelial cells stain faintly. The lateral limiting membrane of 
biliary epithelium is not accentuated by this technique of staining, nor 
are the microvilli of liver cells which project into the perisinusoidal space 
of Disse.’ Thus it appears that the accentuation may be due to a specific 
affinity of PTA for some material contained in or being excreted or re- 
absorbed through the cell membranes lining biliary passages. It is pos- 
sible that the lining does not represent a true double membrane but 
rather a condensation of metabolites in process of transfer across the cell 
membrane in either direction. This possibility must be considered since 
the lateral cell membranes prior to forming microvilli appear to be single 
and then “split” upon entering the surface of these structures. It is never- 
theless possible that with our available electron microscope, indentifica- 
tion of double membranes on lateral cell walls could not be achieved, ow- 
ing to the limitations of resolution. 

The complex plications of the lateral walls of biliary epithelial cells 
are thought to serve the purpose of permitting easy expansion of the 
lumen in response to increases of intraluminal pressure. It will be 
shown ** that intracellular edema is also associated with a straightening 
of the cell boundaries. These plications appear to be common to all cells 
of the biliary tree since they were also noted between the lining cells of 
the mouse gallbladder.** Two points are of interest: (1) Yamada” noted 
in the gallbladder that some plications of epithelial cells did not fit into 
corresponding recesses of neighboring cells. This was never the case in 
the cells lining the biliary passages. (2) The plications were, on the 
whole, considerably more numerous in human than in animal tissues. 

Little is known about the function of biliary epithelium at the level of 
bile pre-ductules and ductules. Observations reported in this study sug- 
gest that these cells are highly active metabolically, as evidenced by the 
large numbers of mitochondria and by their well-developed Golgi ap- 
paratus. The presence of lipid and other electron-opaque bodies in these 
cells suggests that such materials are being handled actively by them. 
Further, the presence of microvilli on the lumen surfaces of both bile 
pre-ductules and ductules suggests that biliary epithelium is endowed 
with active secretory or resorptive functions. 
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SUMMARY 


The fine structure of the ultimate and penultimate branches of the 
biliary tree was examined in normal dogs, rats, rabbits and in human 
liver biopsy tissue. The course of biliary pathways was traced from bile 
canaliculi of the lobules through bile pre-ductules (canals of Hering) in 
portal tracts to bile ductules. Canaliculi were shown to be formed by a 
focal separation of the limiting membranes of parenchymal liver cells, 
and pre-ductules in a similar fashion by biliary epithelial cells. Ductules 
were defined as the first passages which are lined by biliary epithelium 
in a rosette-like formation where entire cell walls form the lumen bound- 
ary. This study is intended to form the base line for investigations of the 
fine structure of pathologically altered pathways of bile conduction. 
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LEGENDS FOR FIGURES 
Key: 
bec = biliary epithelial cell mb = microbodies (lipid, lipofuscin, 
bm = basement membrane “peribiliary” and glycoprotein 


cell inclusions) 
c = bile canaliculus —— 


clg = collagen fibrils 


n = nucleus 
cm = cell membrane nm = nuclear membrane (envelope) 
d = bile ductule pd = bile pre-ductule 
(duct of Hering) 


db = mitochondrial dense bodies plc = parenchymal liver cell 


dr = bile ductular recess pr = perisinusoidal recess 


er = endoplasmic reticulum ps = perisinusoidal space 
(ergastoplasm) (space of Disse) 
G = Golgi apparatus rnp = ribose-nucleoprotein granules 
ic = intercalated cell of bile ductule s = sinusoid 
t = Kupffer cell trabecula 
1 = lumen 

zc = zone of cytoplasmic 

m = mitochondrion condensation 


Fic. 1. Electron micrograph of two adjacent liver cells with a focal separation of 
the cell membranes forming the bile canaliculus. The cell membranes of the 
remaining portions of the liver cells are provided with a few microvilli (arrows) 
up to a short distance from the canalicular lumen. This represents the lining of 
extremely narrow perisinusoidal canals. Note the rarely observed polarization 
of mitochondria and of the endoplasmic reticulum toward the bile canaliculus. 
Numerous small vacuoles (possibly pinocytic vesicles) are present in the cyto- 
plasm immediately adjacent to the canalicular wall. Protargol stain. x 8,120. 


Fic. 2. A bile canaliculus is seen between liver cells. Note the presence of a faintly 
gray amorphous substance in the lumen and the condensation of the cytoplasmic 
matrix around the periphery of the canaliculus. Numerous small, smooth- 
surfaced vesicles are present outside this zone. Two microbodies and a lipofuscin 
body are present in the liver cell on the right side. The endoplasmic reticulum of 
this cell is slightly dilated. Protargol stain. X 25,600. 
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3. The difference in appearance and size of bile canaliculi when seen in transverse (left) 
and longitudinal (right) section is shown. Protargol stain. X 16,000. 


4. The microvilli in this bile canaliculus are so numerous as to give the impression of oc- 
clusion. Protargol stain. X 17,920. 


5. Longitudinal section of a bile canaliculus. The angular recess in the lower center repre- 
sents the confluence of two bile canaliculi. Note the marked variation in the length and 
distribution of the microvilli. Protargol stain. X 10,640. 


.6. A sinusoid (left) is separated from the space of Disse by a terminal trabecula of a 


Kupffer cell. A perisinusoidal recess extends toward a bile canaliculus. Despite close ap- 
proximation, note the absence of a communication between these two structures. Protargol 
stain. X 17,920. 
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Fic. 7. Cross section of a bile ductule, the lumen of which is lined by 3 cells separated by 
plicated cell membranes (arrows). The intercalated cell does not reach the lumen. Note 
the large number of mitochondria and the prominent Golgi zone. The basement membrane 
is a complex branching structure. Uranyl acetate impregnation. X 12,800. 


Fic. 8. An interlobular biliary pathway seen in transverse (upper center) and longitudinal 
(lower left corner) section. It is impossible to say whether the latter represents a bile 
pre-ductular or a ductular lumen. The basement membrane is a complex branching struc- 
ture. Periodic acid-silver methenamine stain. X 5,040. 


Fic.9. A bile ductule and two afferent pre-ductules seen in cross section. Phosphotungstic acid 
stain. X 22,400. 
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10. Six biliary epithelial cells are interposed between two parenchymal cells of 
a peripheral liver plate. The latter can be recognized partly by the presence of 
glycogen granules in their cytoplasm. The former show the characteristic mode 
of interlocking of the cell membranes (arrow). A basement membrane can be 
seen adjacent to the biliary epithelial cells at the lower margin of the photo- 
graph. The lumen is that of a bile ductule. The afferent duct of Hering cannot 
be seen at this level of sectioning. Periodic acid-silver methenamine stain. 
X 7,840. 


11. A parenchymal liver cell has herniated into a basement membrane-enclosed 
channel formed by biliary epithelium. The large mitochondria of the former dis- 
tinguish it from the relatively small mitochondrial corpuscles of the latter (see 
Figs. 14 and 15). Note the narrow lumen of the bile ductule and the plications of 
the cell membranes (arrow). Periodic acid-silver methenamine stain. X 5,740. 
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12. Cross section of two bile ductular lumens can be seen. The one in the left 
upper corner of the photograph shows a widely patent lumen whereas the one in 
the right lower corner shows the lumen almost totally occluded by a mass of 
microvilli. The latter appearance is thought to be the result of a section through 
the periphery of a lumen. Note the small lipid inclusions scattered throughout 
the cytoplasm of the biliary epithelial cells. Phosphotungstic acid stain. X 19,040. 


13. Longitudinal section of a bile ductule, showing a marked variation in the 
size, shape and distribution of the microvilli. A second, smaller channel in the 
left lower center of the illustration is separate from the cell membranes which 
skirt it on its right. It is therefore interpreted as a recess of the main channel 
rather than a pre-ductule. Note the intense staining of the cell membrane on 
the lumen side. Phosphotungstic acid stain. X 17,600. 
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Fic. 14. Three mitochondria of a liver cell show the usual structure of the cristae 
mitochondriales which are short and appear to converge toward a hypothetical 
center of the corpuscle, leaving a large amount of matrix in the central portion. 
Note the fairly large number of “dense bodies” in the matrix. Lead hydroxide 
stain. X 52,800. 


Fic. 15. A mitochondrion of a biliary epithelial cell shows the usual configuration of 
cristae traversing almost the entire lumen of the corpuscle, thereby dividing 
the matrix into numerous separate, yet communicating compartments. Note 
that this mitochondrion is considerably smaller than the average mitochondrion 
of liver cells. Phosphotungstic acid stain. X 83,600. 


Fic. 16. A bile ductule is seen surrounded by intensely staining collagen fibrils in 
the surrounding connective tissue. The basement membrane which stains only 
faintly is seen here as a nonbranching structure. Note that the stain has also 
intensified the profiles of the lining of the microvilli. The lipid stains intensely 
as a result of its affinity for osmic acid. Phosphotungstic acid stain. X 20,720. 
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17. The lumen of a bile ductule can be seen on the right of the photograph and 
a lumen of a duct of Hering is situated at the left margin. Note that the latter 
channel is formed by a separation of the cell membranes (arrows) of two adja- 
cent biliary epithelial cells. Phosphotungstic acid stain. X 57,600. 


18. The interlocking plications of the cell membranes of two adjacent biliary 
epithelial cells can be seen. Note the nuclear membranes on either side of the 
cell boundaries. Lead hydroxide stain. K 68,800. 


19. The microvilli projecting into the lumen of a bile pre-ductule show the 
double-membraned lining accentuated by staining with this stain (arrow). Note 
that the staining of the adjacent cell membranes has not been accentuated. 
Phosphotungstic acid stain. X 84,800. 
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TUMORS OF THE LIVER FOLLOWING ADMINISTRATION 
OF THOROTRAST 


Eart E. Sucxow, M.D.; Georce C. Henecar, M.D., ann Renato Baserca, M.D.* 


From the Department of Pathology and Surgery of the Veterans Administration 
Research Hospital and Northwestern University Medical School, Chicago, Ill. 


Thorotrast, a colloidal solution of the dioxides of thorium and its 
isotope radiothorium, has been extensively used in radiologic practice 
as a contrast medium for a variety of diagnostic procedures. Because of 
the radioactive properties of thorium and its daughter elements, thoro- 
trast has been considered a carcinogenic hazard for man, and a number 
of tumors attributed to its administration have been reported (Tables I, 
II and III). In this respect, patients with a body burden of thorotrast, 
like those with radium poisoning, constitute a group in which the delayed 
effects of internally deposited radioactive isotopes can be investigated. 
Beyond the general statement that thorotrast is carcinogenic, little is 
known about the various problems related to its carcinogenicity, such as 
the incidence and histologic character of the induced tumors, the dis- 
tribution of the substance in tissues, the radiation dose, and the mecha- 
nism of tumor induction. This is also true of the liver neoplasms which 
constitute the great majority of tumors attributed to the intravascular 
injection of 

Recently, the opportunity to study a case of hepatic bile duct carci- 
noma following thorotrast administration has prompted us to report the 
case in some detail in order to contribute to the compilation of data, to 
summarize the knowledge of tumor incidence and the distribution of 


thorotrast in tissues, and to consider the possible mechanism of tumor 
induction. 


CAsE REPORT 


A 39-year-old white man was admitted to Veterans Administration Research Hos- 
pital, Chicago, on September 21, 1960, with chief complaints of abdominal and head 
pains. In 1945 he had had an amebic liver abscess complicated by jaundice. The 
Medical Service Record revealed that thorotrast, in an unspecified amount, had been 
given by intravenous injection on November 6, 1945, to establish the diagnosis of 
liver abscess. Surgical drainage of the liver abscess was carried out, and the patient 
remained free of symptoms until July, 1960. 

Physical Examination. The patient was well developed and had a moderate degree 
of abdominal distress. The temperature was 99.6° F.; the pulse, 80 per minute; the 
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blood pressure, 120/80 mm. of Hg. The chest was clear, and there were no cardiac 
enlargement or murmurs. Diffuse abdominal tenderness was noted. Bowel sounds 
were present without obstructive qualities, and no masses were palpable. Rectal 
examination revealed a painful indurated area anteriorly above the prostate. The 
testes and extremities were normal. A well-healed scar was present on the right side 
of the back at the site of the previous drainage of the liver abscess. 

Laboratory Examination. Routine laboratory examinations were not contributory. 
The peripheral blood values were within normal limits. Roentgen examination re- 
vealed increased density of the spleen and liver shadows (Fig. 1). This was con- 
sidered to be the residual of the previous thorotrast injection. 

Hospital Course. On September 27, 1960, an abdominal laparotomy was performed 
under local anesthesia, and a liver biopsy was made. The operation revealed a 
nodular liver, a large amount of straw-colored peritoneal fluid, and multiple diffuse 
nodules throughout the omentum and peritoneum. A histologic diagnosis of adeno- 
carcinoma of the liver was made from the biopsy specimen. On September 29, 1960, 
the patient developed diplopia and inability to move the right eye laterally. He ex- 
pired October 2, 1960. 


Necropsy Observations 


The important features were as follows: The lungs were edematous 
and contained multiple subpleural tumor nodules. A bilateral hydro- 
thorax accompanied multiple tumor seedings of the diaphragm. The ab- 
dominal cavity contained 4,000 cc. of blood-tinged fluid, and the peri- 
toneum was studded with tumor nodules. The liver was yellow-tan, firm, 
sightly nodular, and weighed 1,300 gm.; its capsule was translucent. 
The centermost portion of the liver was very hard, with evident com- 
pression of its adjacent parenchyma by an ill-defined mass measuring 7 
cm. in greatest diameter. The gallbladder, hepatic ducts and common 
duct were normal. The spleen weighed 120 gm.; it was firm, fibrous, 
and on sectioning, white fibrous strands stood out from the cut surface. 
The urinary bladder revealed tumor seedings on its peritoneal surface. 
Permission for examination of the head was not granted. A roentgeno- 
gram was made of the liver and spleen at the time of necropsy (Fig. 2). 


Histologic and Autoradiographic Observations 


Liver. The center of the liver contained bile duct carcinoma (Fig. 3), 
with extensive necrosis, hemorrhage and fibrosis. Other sections showed 
that the normal architecture of the liver was completely altered by 
fibrosis and nodular regeneration of small hepatic lobules. The con- 
nective tissue in the portal areas was markedly increased, and there were 
numerous macrophages filled with thorotrast granules (Fig. 4). In some 
lobules there were thorotrast-laden macrophages about central veins and 
in the sinusoids (Fig. 5). The capsule was thickened and also contained 
abundant thorotrast (Fig. 6). 

Spleen. Macrophages containing thorotrast were present about the 
trabeculae and in the subendothelial region of veins. Many of the small 
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arteries were surrounded by heavy concentrations of thorotrast-filled 
cells (Fig. 7). The sheath arteries exhibited some intimal proliferation 
and well-defined fibrosis of the outer layers. Cells filled with thorotrast 
were noted about occasional follicular arteries (Fig. 8), and there was 
hyaline degeneration in the center of some follicles. In many of Billroth’s 
cords the reticuloendothelial cells contained thorotrast, but the normal 
architectural pattern was preserved. 


TABLE I 
MALIGNANT TUMORS IN MAN ATTRIBUTED TO INTRAVASCULAR INJECTION OF THOROTRAST 


Latent 
period Reference 


Neoplasm Age (yr.) no. 


Endothelial cell sarcoma, liver JO 
Endothelial cell sarcoma, liver 
Hemangioendothelioma, liver 63 
Carcinoma, extrahepatic bile ducts 39 
Carcinoma, liver 53 
Hemangioendothelioma, liver 49 
Hemangioendothelioma, liver 

Cholangiocarcinoma, liver 

Angioblastic sarcoma, liver 

Cholangiocarcinoma, liver 

Carcinoma, extrahepatic bile ducts 

Carcinoma, liver 

Carcinoma, extrahepatic bile ducts 

Carcinoma, liver 

Carcinoma, pancreas and kidney 

Endothelial cell sarcoma, liver 

Carcinoma, liver 

Adenocarcinoma, lung 

Carcinoma, liver and lung 

Hemangiosarcoma, liver 

Giant follicular lymphoma, spleen 

Carcinoma, left hepatic duct 
Hemangioendothelioma 

Mesodermal tumor, liver 

Carcinoma, intrahepatic bile ducts 58 
Carcinoma, intrahepatic bile ducts 56 
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Testes. Approximately one fourth of the seminiferous tubules were 
hyalinized; the interstitial tissue about these contained large macro- 
phages with coarse dark brown thorotrast cytoplasmic granules. 


Pathologic Diagnoses 


The pathologic diagnoses were: (a) thorotrast deposits in the liver, 
spleen, lungs, pancreas, testis, and urinary bladder; (b) bile duct carci- 
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noma of the liver with metastasis to the lungs, diaphragm, spleen, peri- 
toneum, and omentum; (c) cirrhosis of the liver; (d) fibrosis of the 
spleen; (e) focal atrophy of the testes; (f) acute edema and passive 


TABLE II 


MALIGNANT TUMORS IN MAN ATTRIBUTED TO LOCAL ADMINISTRATION OF THOROTRAST 


Latent 
period Reference 


Neoplasm (yr.) no. 


Spindle cell sarcoma, kidney 

Carcinoma, breast 

Carcinoma, eyelid 

Squamous cell carcinoma, maxillary sinus 
Sarcoma, site of injection 

Bronchogenic carcinoma 

Carcinoma, maxillary sinus 

Malignant peritoneal “thorotrastoma” 
Carcinoma, breast 

Carcinoma, ovary 

Bronchogenic carcinoma 

Carcinoma, seminal vesicle 
Adenocarcinoma, maxillary sinus 
Squamous cell carcinoma, maxillary sinus 
Mucoepidermoid carcinoma, maxillary sinus 
Squamous cell carcinoma, maxillary sinus 
Carcinoma, intrahepatic bile ducts 
Undifferentiated abdominal carcinoma 
Carcinoma, kidney 


congestion of the lungs; (g) bilateral hydrothorax (1,000 cc.); (h) as- 
cites (4,000 cc.). 

Tissue specimens, removed at necropsy, were analyzed for thorium 
content by Mr. W. E. Kisieleski of the Argonne National Laboratory, 
Argonne, Illinois. The amount of thorium in yg. per gm. of fresh tissue 
was as follows: liver, 812; spleen, 644; bone, 544; and kidney, 18. 


DISCUSSION 


Neoplasms attributed to thorotrast can be divided into two groups: 
those following intravascular administration (Table I); and those aris- 
ing locally, at the site of extravascular or intracavitary injection (Table 
II). In 3 cases, although the relationship between thorotrast and tumor 
induction was clearly established, the route of administration was un- 
known (Table III). 

The present case brings to 49 the number of well-documented in- 
stances of neoplasm in man attributed to thorotrast, although other 


64 16 24 
47 12 25 
51 35 26 
64 10 27 
54 6 28 
47 18 29 
36 15 30 
60 17 31 
; 43 17 32 
45 23 33 
38 13 34 
68 14 35 
: 32 18 36 
39 21 36 
7° 10 36 
70 15 36 
37 15 37 
48 aI 38 
45 23 39 
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examples have been cited in published reports.**~** The latter have been 
omitted from our tables not because of uncertainty about the causal 
relationship between thorotrast and the tumors, but simply for lack of 
detailed information, i.e., the age and sex of the patient, the route of ad- 
ministration of the radioisotope, the duration of the latent period, and 
the structure of the tumors. Cases of leukemia attributed to thorotrast 
have also been omitted, and summaries of these cases can be found in 
the works of Grampa and Tommasini-Degna,’* and Looney, Hursch, 
Colodzin and Stedman.*? 

It is clear from Tables I and II that the intravascular injection of 
thorotrast results in a preponderance of liver neoplasms (23 of 26 
cases), whereas local administration is associated with specific tumors 
at the site of injection. It is also clear that the liver lesions fall into two 
classes: sarcoma (10 cases), and carcinoma, including those of the 
extrahepatic bile ducts (13 cases). The intervals between the admin- 
istration of thorotrast and the clinical onset of neoplasm in the 3 groups 
were: liver carcinoma, 19.8 + 6 years; liver sarcoma, 15.4 + 6 years; 
neoplasms following local injection, 16.9 + 5 years. The differences are 
not statistically significant by the ¢ test. The mean age of the patients at 
the time of injection was 30.2 + 7 years for liver carcinoma, 38.5 + 11 
years for liver sarcoma, and 34.7 + 14 years in the case of the local 
tumors. Again, the differences are not statistically significant by the ¢ 


TABLE III 


MALIGNANT TUMORS IN MAN ATTRIBUTED TO THOROTRAST ; 
ROUTE OF ADMINISTRATION UNKNOWN 


Latent 
period Reference 
Neoplasm Age Sex (yr.) no. 
Carcinoma, kidney 75 M ? 40 
Bronchogenic carcinoma 75 M 16 41 
Mixed tumor, kidney 66 F ? 18 


test. In the 13 patients with hepatic carcinoma, the sex ratio was 7:6 in 
favor of males. In unselected adult patients, primary carcinoma of the 
liver has a sex ratio of 10:6 in favor of males.*® 

Although hepatic neoplasms constitute the majority of tumors in- 
duced, thorotrast concentrates to a larger extent in the spleen. Distribu- 
tion studies in man are summarized in Table IV; all values are expressed 
in terms of mg. of thorium per gm. of fresh tissue. The concentration of 
thorium was usually higher in the spleen than in the liver. Nonetheless, 
only a single instance of giant follicular lymphoma occurred in contrast 
to the 23 hepatic neoplasms (Table I). This discrepancy between the 
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concentration of thorium and the site of origin of tumors raises some 
interesting questions in relation to the various theories of radiation 
carcinogenesis. 

The determination of the radiation dose to the tissues from thorotrast 
is difficult.*"** It is generally assumed, however, that in the case of in- 


TABLE IV 
THORIUM CONTENT PER FRESH ORGAN OR TISSUE 


Liver Spleen Bone, Reference 


Gm./organ Mg./gm. no. 


Mg./gm. Gm./organ Mg./gm. 


3.00 4.90* 28.00 4.00* 15 
1.57 122.00 1.10 17 
0.40 1.10 0.10 0.02 37 
2.74 64.20 0.97 22 
6.20 5.00 96.80 1.90 0.34 47 
0.81 1.04 0.64 0.76 0.54 Present 


* Estimated on normal weights of the organs. 


ternally deposited radioactive isotopes, the radiation dose absorbed per 
unit mass of tissue is correlated with the concentration of the isotope in 
the tissues.** On this basis, the average dose (in reps per day) delivered 
to the tissues is equal to 60 times CE, where C is the concentration of 
isotope in pc. per gm. of tissue, and E is the peak energy of the alpha 
particles. The dose in rems is obtained by multiplying the dose in reps by 
the Relative Biological Effectiveness (RBE), which for alpha particles 
is assumed to be 10. Using these calculations, Thierbach, Bothe and 
Langer ** gave the average dose delivered by thorotrast to the spleen as 
1,590 rems per week, and to the liver 100 rems per week. Looney and co- 
workers *? gave somewhat more conservative figures of 2.5 rads per 
week for the spleen, and 1.5 rads per week for the liver. The important 
point, for the purpose of the present discussion, is that the average 
radiation dose is always higher in the spleen than in the liver, provided 
the concentration of thorium is also higher in the former. This state- 
ment seemingly contradicts a theory of radiation carcinogenesis that 
tumor induction depends upon the radiation dose and is due to a direct 
action of the electromagnetic or particulate radiation upon a sensitive 
cellular volume, generally the nucleus, through a single “hit” or a 
“multiple hits” mechanism.*® 

This contradiction is open to a variety of interpretations. A first pos- 
sible explanation may be found in the shape of the dose-response curves 
for some of the radiation-induced experimental neoplasms. For thyroid 
tumors in rats given a single injection of I *", the dose-response curve is 
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definitely curvilinear.©° Thus, the incidence of tumors increases with 
increasing dose only up to 10 wc. and then decreases, reaching, at 40 pc., 
a level comparable to that of the control animals. Similarly, in mice ex- 
posed to atom-bomb radiations, the incidence of some neoplasms (hepa- 
toma) was maximal at intermediate dose levels, while others (non- 
thymic lymphoma) even decreased in frequency with increasing dose.* 
If a dose-response curve with a similar shape could be found to be ap- 
plicable to thorotrast, one could speculate that the radiation dose to the 
liver was within the range of the maximum response, whereas the radia- 
tion dose to the spleen was on the descending slope of the dose-response 
curve. This explanation, however, is not supported by the fact that a 
number of tumors have resulted from the local administration of thoro- 
trast, a situation which could conceivably result in a high local dose. 

A second explanation may be found in a different concept. It is known 
that one of the major questions in the mechanism of radiation carcino- 
genesis is whether or not a certain minimum degree of tissue damage 
is prerequisite to tumor induction.” Brues © stated that “‘a visible dis- 
order of tissue architecture and of its vascular supply is universally 
characteristic of those dosage levels [of radiation] at which cancer is 
an observed end result.” That tissue damage is of paramount importance 
in the pathogenesis of radiation-induced skin tumors is indicated by the 
experiments of Gliicksmann ® and, in man, by the observation of Teloh, 
Mason and Wheelock ™ that malignant neoplasms appear at the edges 
of ulceration and are related to impaired repair processes. In patients 
with radium poisoning, Lisco™ suggested that a certain and perhaps 
critical amount of damage is required before tumors develop. This may 
explain the long interval in the radiation induction of bone tumors as a 
consequence of the very slow development of the underlying tissue 
lesions. It is clear from pathologic studies that, apart from tumors, pa- 
tients receiving thorotrast show frequent and severe alterations in the 
liver. This is evidenced by marked fibrosis ®* which, in some instances, 
progresses to a true cirrhosis.*"**~* These lesions, as in the present case, 
often lead to a complete disruption of the normal hepatic architecture. 
The comparatively high incidence of liver neoplasms, despite the lower 
radiation dose per unit mass of tissue, could then be correlated with 
tissue damage and repair. The cirrhosis resulting from thorotrast ad- 
ministration would have to be taken into consideration in evaluating the 
mechanism of tumor induction. On the other hand, changes occur in the 
spleen rather frequently. Although in our experience they are less severe 
than in the liver, they lead, in some instances, to a marked atrophy of the 
organ. ***".5® This would suggest that the type rather than the degree of 
radiation damage could be the determining factor. Such an evaluation is, 
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however, obviously difficult because it does not lend itself to objective 
appraisal. 

A third explanation may be found in a re-evaluation of the basic as- 
sumptions used to calculate the radiation dose. Two important factors 
must be taken into consideration: the first is that the distribution of 
thorotrast in tissues is quite uneven. Large amounts may concentrate in 
the portal spaces, the capsule of the liver, and in the splenic follicles, 
while the liver lobules and red pulp of the spleen are largely unaffected. 
The second factor is that the range of the alpha particles in tissues is 
very short (for thorium and its decay products, the maximum range is 
83 »), so that many nuclei will receive no irradiation at all. Kember © 
has shown that, at the maximum permissible dose level of the alpha 
emitter, americium, a given nucleus will be hit by an alpha ray about 
once in every 20 years. In these circumstances, the average radiation 
dose per unit mass of tissue becomes meaningless, the relevant factor 
being instead the number of cells at risk. The term “number of cells at 
risk” means the total number of cells within the range of the alpha 
particles emitted by the disintegrating thorium atoms. A larger number 
of cells at risk will increase the probability that a sensitive cellular 
volume may be hit once, or more than once, by a “quantum” of alpha 
rays. In a given organ, this will depend not on the concentration of 
thorium per gm. of tissue, but on the total amount of thorium per organ. 
A higher concentration per unit mass of tissue will simply result in a 
higher amount of wasted radiation. It is, thus, of interest to note that 
whereas the concentration of thorium per gm. of tissue is higher in the 
spleen than in the liver, the total amount of thorium per organ is larger 
in the liver (Table IV). 

These considerations, of course, apply only to alpha emitters such 
as thorium and its decay products, and probably to beta emitters of low 
energy. With beta emitters of high energy there will be enough cross- 
firing from the various particles to result in a state of uniform radiation, 
similar to that obtained by external irradiation with gamma rays or 
x-rays. But with alpha emitters, those cells actually traversed by alpha 
particle tracks will receive the equivalent of a large radiation dose, about 
100 rads,” whereas most of the cells, not actually traversed by alpha 
particles, will absorb little or no radiation energy. The incidence of 
tumors would then depend upon the “probability” that a cell may 
actually be hit by a “quantum” of alpha rays. The problem may be 
further complicated by possible differences in susceptibility to radiation 
injury of different cells in a given organ. Even in its present crude form, 
however, this theory could explain the high incidence of liver tumors in 
patients receiving thorotrast without invalidating theories based upon 
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the linearity of the dose-response curve to external radiation.*® A further 
clarification must await the accumulation of more data on thorium dis- 
tribution in tissues and the use of autoradiographic techniques for tissue 
microdosimetry.* 

From an evaluation of the various theories presented, it is our opinion 
that the number of cells at risk within the range of alpha rays is the 


relevant factor in the development of neoplasm in the organs exposed to 
thorium radiation. 


SUMMARY 


A case of thorotrast-induced bile duct carcinoma is reported. The 
literature concerning tumor induction from thorotrast is brought up to 
date and tabulated as to route of injection. 

The discrepancy between concentration of thorium and site of origin 
of tumors is discussed from the following points of view: (a) The shape 
of the dose-response curve; (b) the minimum degree of tissue damage as 
a prerequisite to tumor induction; (c) the number of cells at risk within 


the range of alpha rays. The last factor seems best to explain thorium- 
induced carcinoma. 
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LEGENDS FOR FIGURES 


Photomicrographs were prepared from sections stained with hematoxylin and eosin. 


Fic. 1. Roentgenogram of the abdominal region. The liver and spleen are clearly 
outlined by thorotrast deposit. 


Fic. 2. Roentgenogram of the liver and spleen removed at necropsy. There is strik- 
ing density due to thorotrast. 
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Fic. 3. Bile duct carcinoma in the liver. In the stroma are thorotrast-laden 
macrophages. X 240. 


Fic. 4. Autoradiograph of macrophages laden with thorotrast in the connective tissue 
of the portal tracts. X 504. 


Fic. 5. Autoradiograph of a thorotrast-laden macrophage in a liver sinusoid near 
the central vein. Alpha tracks are originating from the macrophage. X 540. 
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Fic. 6. Autoradiograph of thorotrast-laden macrophages in the liver capsule. X 315. 


Fic. 7. Autoradiograph of a sheath artery in the spleen. Note the alpha tracks 
originating from the thorotrast deposits about the vessel and also from the 
subendothelial area. X 315. 


Fic. 8. Autoradiograph of a lymphatic nodule in the spleen. Alpha tracks are 
originating from the thorotrast-laden macrophages. X 540. 
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SUBARACHNOID ALCOHOL BLOCK 
II. HistoLocic CHANGES IN THE CENTRAL NERvous SYSTEM 


H. StepuHen M.D.; TakesH1 Yonezawa, M.D.; Ricnarp C. Hay, M.D., 
Derrick, M.D. 


From the Department of Pathology and the Department of Surgery, 
Section of Anesthesiology, The University of Texas M.D. Anderson Hospital and 
Tumor Institute, Houston, Texas 


The use of subarachnoid alcohol injection for the relief of intractable 
pain, especially that associated with malignant neoplastic disease, was 
first described by Dogliotti in 1931.” In the original technique, the al- 
cohol was injected below the level of the second lumbar vertebra, allow- 
ing it to come into contact with the mixed nerves of the cauda equina. 
In a high percentage of cases, this method was followed by loss of bowel 
and bladder control or paralysis of the lower extremities. These compli- 
cations have been largely responsible for the lack of acceptance of the 
procedure in the United States. Several workers ** have described varia- 
tions of Dogliotti’s method which were designed to reduce anterior root 
damage. Recently, two of us (R. C. H. and W. S. D.) devised a modified 
technique for selective intraspinal alcohol block of the posterior roots. 
This has been gratifyingly successful; patients so treated were subse- 
quently free of motor complications. 

The details of the technique have been described in a previous publi- 
cation.” In brief, the desired root is blocked at the site of its entry into 
the spinal cord by the injection of a small quantity of absolute alcohol. 
Careful positioning of the patient permits accurate localization of the 
alcohol. 

The pathologic changes in the central nervous system of 12 subjects 
are reported herein, and are correlated with the clinical results. All 
patients in this group had received one or more subarachnoid alcohol 
blocks for the relief of pain from malignant neoplasms and had subse- 
quently died from the disease (Table I). 


MATERIAL AND METHODS 


The spinal cord of each subject was removed in its entirety and fixed in neutral 
formalin or 70 per cent alcohol. Blocks were made from each segment of the cord, 
and from the dorsal roots and spinal ganglia. Sections from each block were stained 
for myelin (Marchi’s or Weigert’s stain), for axis cylinders (Ranson’s or Bielschow- 
sky’s stain), and for Nissl substance (thionine). Hematoxylin and eosin stained 
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sections were also prepared. In addition, sections were stained for fat with Sudan IV. 


The area of each cord corresponding to the site of alcohol injection was sectioned 
subserially. 


RESULTS 


Gross changes attributable to the alcohol injection were few and 
minimal. In 4 subjects, slight to moderate focal congestion of the me- 
ninges was observed, and in 2, “white” degeneration of the posterior 
columns. The remaining cords were not grossly remarkable. 

Histologic alterations in the dorsal roots were found in every case 
(Fig. 1). These ranged from slight defects in the myelin sheaths to ex- 
tensive degeneration with reparative fibrosis. The earliest lesion con- 
sisted of swelling of the myelin sheaths and axis cylinders (Fig. 2). 
Within a few days, the myelin sheaths broke into coarse fragments and 
later into fine granules. At the same time, the axis cylinders became 
beaded and subsequently fragmented (Fig. 3). As these alterations 
reached their peak, the roots were massively infiltrated with macro- 
phages, together with a few leukocytes. Proliferations of Schwann cells 
and fibroblasts in irregular whorls and bundles were also observed (Fig. 
4). In cases in which a long period had elapsed between the alcohol in- 
jection and necropsy, the inflammatory process had subsided, and the 
root was replaced chiefly by Schwann cells. Biingner’s channels con- 
taining fine tortuous fibers were demonstrable in many areas; at times, 
these were associated with Perroncito’s nodules. Some of the regenerating 
fibers formed whorls similar to amputation neuromas. A few entered the 
spinal cord, following random courses, and exhibiting progressively 
more pronounced degenerative changes (Fig. 5). 

In the spinal ganglia of patients who survived less than 60 days after 
the block, no changes were observed. In 4 who survived for a longer 
period, the alterations in the ganglia were significant. The nerve cells 
of the ganglia had undergone slight to moderate chromatolysis and 
fibrillolysis (Fig. 6). The large round cells (type 1 of Kiss)** were 
most often affected. In the ganglia of one subject the Nissl bodies of the 
axon hillock had disappeared completely, and only finely granular Nissl 
substance was present elsewhere in the cytoplasm. The characteristic 
intracellular fibrillary meshworks could not be demonstrated. The 
neurites in the ganglia were fragmented, and the myelin sheaths were 
absent. A few irregularly thickened, tortuous regenerating fibers were 
present, occasionally forming neuroma-like whorls. 

The changes found in the spinal cords were of two distinct types: 
those due to direct contact of the alcohol with the cord, and those re- 
sulting from wallerian degeneration. The two types coexisted in many 
cords and were difficult to distinguish from one another. The peripheral 
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or contact type of lesion appeared early, in one case as soon as 4 days 
after the block; usually, it was confined to the posterior portion of the 
dorsal fasciculus on the injected side (Fig. 7). In some cases, however, 
it was considerably more extensive, involving the medial portion of the 
dorsal fasciculus unilaterally or bilaterally, or the adjacent portions of 
the dorsolateral fasciculus. A shallow zone of demyelination completely 
surrounded one cord at the level of injection. Ascending degeneration 
related to these areas was usually limited to 2 or 3 segments. At higher 
levels, demyelination of the dorsal funiculus invariably deviated me- 
dially. In two cords, degeneration of the posterior columns at the level 
of injection was extensive; in one, demyelination into the upper cervical 
cord and, in the other, into the medulla, was demonstrable (Fig. 8). 

The degrees of degenerative change at the levels of injection were 
proportional to the time intervening between injection and death. The 
earliest alteration in the contact lesions consisted of a small focus of 
necrosis, surrounded by a spongiotic field in which swollen fragments of 
myelin sheath and thickened, beaded axis cylinders were scattered. 
Later, the myelin disappeared and neurites further degenerated to 
granular fragments, while inflammatory cells and proliferating glia 
filled the field. The inflammation ultimately subsided, leaving only a 
demyelinated mass of glial cells with prominent small vessels as an ap- 
parently permanent residuum. 

Progressive or wallerian degeneration was predominant in the tract 
of Lissauer and in the lateral part of the dorsal funiculus. In Lissauer’s 
tract, again, demyelination appeared early, being well established in 
the cord of a patient who died 4 days after the block. Similar changes 
in the posterior funiculus were not observed until much later. In the 
spinothalamic tract contralateral to the side of the major root lesion, 
significant degrees of demyelination were present in only 4 cases. In 
3 of these, either adjacent areas exhibited a non-anatomic pattern of 
demyelination, or the process was limited to the peripheral portion of 
the tract, indicating that the lesion was the result of the direct de- 
myelinating effect of alcohol upon the fibers of the tract. In case 2, 
however, the lateral spinothalamic tract on the side opposite that of 
injection contained an area of demyelination which began at the level 
of injection in the medial part of the tract and deviated laterally in the 
upper portions. The lesion was traced 7 segments above the level of 
injection. In the same case, Lissauer’s tract had undergone pronounced 
demyelination and degeneration, and the cells of the dorsal horn were 
shrunken and lacking in Nissl substance. It was believed that the de- 
myelination in the lateral spinothalamic tract was explicable on the 
basis of wallerian degeneration. The source of the damage to the 
posterior horn cells was not apparent. 
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Nerve cells in 3 distinct regions of the spinal cords regularly exhibited 
lesions. (1) In the gray matter of the dorsal horn, either swelling, 
chromatolysis, nuclear eccentricity or shrinkage, or a combination of 
these was present in 8 of the 12 cases. In all of the 8 they were associ- 
ated with demyelination in Lissauer’s tract. Changes in the nerve cells 
were observed as early as 3 weeks after the block, the degree of the 
alterations being roughly proportional to the interval between the 
alcohol injection and necropsy. (2) In two cases, similar lesions were 
found in the gray matter of the lateral horn; in both, the interval be- 
tween the injection and necropsy was of considerable duration. (3) 
While the nerve cells in the dorsal and lateral horns were damaged 
only at the level of injection, the cells of Clarke’s column had undergone 
degeneration only at levels below the site of injection. These changes, 
which began 1 or 2 segments below the site of alcohol contact, consisted 
usually of cytoplasmic swelling and chromatolysis (Fig. 9). They were 
confined to 2 or 3 segments and were invariably on the side of major 
root damage. 

Alterations in the meninges were more conspicuous microscopically 
than grossly, though in none of the specimens did they extend beyond 
the immediate area of alcohol injection. Many vessels were engorged, 
and in two cases the dorsal vein was focally thrombotic. In a few speci- 
mens the leptomeninges were thickened, fibrous and adherent. 

Case 8 was sufficiently unusual to deserve detailed description. The 
patient, a g-year-old boy, had an osteogenic sarcoma of the left femur 
with a pathologic fracture. Pain was so severe in the hip, leg and low 
back that he maintained himself in a position of rigid flexion and re- 
sisted all movement. He received 2 alcohol blocks 5 days apart, the first 
at the left ninth thoracic intervertebral space, and the second at the 
eleventh interspace bilaterally. During the second procedure, a clonic 
convulsion of the left lower extremity developed. The injection afforded 
fair relief of pain, though the left leg was obviously weak. The patient 
expired 45 days after the second block. 

Grossly, the cord was not remarkable; the left sciatic nerve, however, 
was invaded by the tumor. On microscopic study, in addition to the 
expected changes in the dorsal roots and Lissauer’s tract, a large area 
of softening and granulation tissue had destroyed most of the central 
portion of the left half of the cord at the third lumbar segment (Fig. 10). 
Approximately one third of the dorsal funiculus was completely de- 
myelinated and infiltrated by proliferating glial cells and fibroblasts. 
In the gray matter of the adjacent pars intermedius was a necrotic cyst 
surrounded by gitter cells. Nerve cells of the posteromarginal, cornu- 
commissural, and reticular nuclei and of the nucleus proprius were de- 
stroyed. Above the third lumbar segment the ascending fibers of the 
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dorsal funiculus and of the spinothalamic and spinocerebellar tracts 
were demyelinated bilaterally, as were the crossing fibers of gray matter. 

These alterations were obviously induced by the accidental injection 
of alcohol directly into the spinal cord and consequent destruction of 
the gray matter of the posterior and lateral horns, the adjacent tracts, 
and the crossing fibers at that level. The chromatolysis in the nerve cells 
of the contralateral side was therefore the result of retrograde degenera- 
tion. Incidentally, chromatolysis of the motor cells of the left anterior 
horn at Li was also observed. This was believed to be the result of 
retrograde degeneration from invasion of the sciatic nerve by the tumor, 
and unrelated to alcohol block. 


DISCUSSION 


The causes of pain in cancer are numerous and varied, though usually 
obscure.**** In a few patients, an obvious mechanism, such as direct 
invasion of nerves, or invasion of bone with periosteal distention or 
pathologic fracture, is apparent. Regardless of the source, however, it 
is axiomatic that painful sensations are mediated by the dorsal root.’** 
Hence, subarachnoid alcohol block is directed toward interruption of 
the pain pathway at this point. In all the cases reported herein, changes 
were observed in the posterior root following alcohol block. As a rule, 
these lesions were well localized to the site of injection, the earliest con- 
sisting of swelling of the myelin sheaths and axis cylinders. Within 2 
to 3 weeks there followed fragmentation and granulation of the myelin 
sheaths and concomitant beading and fragmentation of the axis cylin- 
ders. After 1 to 3 months, reparative processes, similar in character to 
those which take place in damaged peripheral nerves,’”"" supervened. 

The chromatolysis and fibrillolysis in the spinal ganglion cells were 
similar in type and degree to those described by Kleist,’* Spielmeyer,)® 
Gagel,?° and Penfield ** following section of the dorsal root. The varia- 
tion in effect from cell to cell was particularly noticeable. Previous 
studies '*.**-** have demonstrated that degeneration of a nerve cell after 
section of one of its processes is related to accelerated synthesis of 
substances of high molecular weight in the perikaryon. Since these 
noxious substances diffuse freely through the entire cell, the degree of 
morphologic change in the perikaryon after division of a cell process 
is inversely proportional to the length or, more specifically, the volume 
of the process which remains in continuity with the cell body. Thus, 
cells of the dorsal root ganglion are much more severely affected by sec- 
tion of the spinal nerve than by division of the dorsal root. 

It seems likely that a similar mechanism is initiated by injury to the 
dorsal root by alcohol injection. Here, the situation differs from that 
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which follows section of the root, in that some semblance of continuity 
in the damaged process is maintained for several weeks. The longer 
deep sensory and proprioceptive fibers may provide a cytoplasmic vol- 
ume sufficient to keep the concentration of injurious substances at a 
low level, while the short, thin processes of pain and temperature neurons 
do not have the necessary cytoplasm. In tracing the pathways of pain 
fibers within the cord, it was observed that alterations produced by 
wallerian degeneration and those resulting directly from the action of 
alcohol upon the peripheral tracts were difficult to distinguish. It is 
well established ** that the pain-temperature fibers in Lissauer’s tract 
divide a short distance beyond its entrance into the cord, one branch 
ascending 2 to 4 segments, while the other descends 1 to 2 segments. 
Thus, at any level, Lissauer’s tract consists of a mixture of fibers from 
the root entering at that level and fibers from higher and lower levels. 
The loss of a single root, therefore, should produce only partial de- 
myelination in Lissauer’s tract. Conversely, if the entire tract is de- 
myelinated, it follows that this must have been the result either of 
direct contact with alcohol or of damage to a number of contiguous roots. 
Both types of change were observed in the cases described herein. 

The ascending process of the second order neuron in the pain- 
temperature pathway crosses to occupy the lateral spinothalamic tract. 
Demyelination of this area was believed to be the result either of direct 
damage by the alcohol, or of wallerian degeneration from damage to 
nerve cells in the opposite posterior horn. Since the former would pre- 
sumably be accompanied by retrograde degeneration and changes in 
the nerve cell, simple concomitance could not be accepted as sufficient 
to differentiate between the two mechanisms. Frequently, demyelination 
extended from the region of the lateral spinothalamic tract into that usu- 
ally assigned to the ventral spinocerebellar tract. This was not con- 
sidered a distinguishing feature, however, since these tracts are poorly 
defined, often actually being intermixed, and their cell bodies are in 
close proximity.” 

The deep sensory and proprioceptive fibers turn upward along the 
medial surface of the ventral horn to ascend in the posterior fasciculus, 
and deviate medially as additional fibers are added to the tract at higher 
levels.” The loss of a single root results in a typical and constant pat- 
tern of demyelination, beginning at the level of the injured root in the 
most lateral part of the posterior fasciculus and occupying an ever more 
medial position at progressively higher levels. Areas of demyelination 
along the posterior surface of the tract or along the posterior longitudinal 
fissure at the level of the block, or massive demyelination of both pos- 
terior columns, as was reported in the 2 cases studied by Peyton, Seman- 
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sky and Baker,® can be produced only by direct injury to the cord. In 
the authors’ cases, true segmental demyelination of the posterior fas- 
ciculus incident to root damage usually became obscure a few segments 
above its origin. In 1 or 2 exceptional cases it could be traced into the 
medulla. 

The small wedge-shaped foci of demyelination found in the dorso- 
lateral region were also regarded as a direct effect of the alcohol. The 
dorsal spinocerebellar tract was most often affected, although the lateral 
pyramidal tract or the lateral part of Lissauer’s tract, or both, were fre- 
quently included. Since fibers of the cells in Clarke’s column ascend to 
the cerebellum through the dorsolateral white matter, the degeneration 
observed in these cells might well be a retrograde process following in- 
jury of their cephalad fibers. Clinically, no neurologic deficit related to 
the dorsolateral tracts was apparent, probably because the dorsolateral 
fibers represent a relatively small portion of the cerebellar afferent 
supply. 

As previously mentioned, degenerative changes in several ganglion 
cell groups within the cord are for the most part explicable on the basis 
of retrograde change following damage to their fibers. No cause was 
immediately apparent, however, for the fairly common observation of 
swelling and chromatolysis in the sympathetic cells of the lateral horn. 
No lesions were demonstrated in any of the preganglionic fibers of the 
ventral root. Further study is necessary to determine the mechanism of 
these changes in the cells of the lateral horn. 

The occasional finding of regenerating fibers within the spinal cord *° 
following alcohol block of the posterior root is of considerable theoretic 
interest. In peripheral nerves, regeneration is dependent upon the for- 
mation of channels by proliferating Schwann cells. Such cells are sparse 
in the spinal cord,’ a fact which has been linked with the lack of re- 
generation in the central nervous system. Growth of fibers into scar 
tissue has been observed, though these fibers are unaccompanied by 
Schwann cells and deteriorate rapidly. In the authors’ cases, many re- 
generating fibers were found in the dorsal roots and a few in Lissauer’s 
tract. The fibers entering the spinal cord were accompanied by Schwann 
cells; the latter decreased in number, however, as the fibers penetrated 
more deeply into the cord, indicating that the Schwann cells were derived 
from the root rather than from the spinal cord itself. In the cords of 
several patients who had experienced recurrence of pain after periods of 
relief, regeneration was conspicuous. While it is tempting to suppose 
that the recurrent pain may have been incident to function of the re- 
generated fibers, it is equally possible that it was the result of extension 
of the neoplastic process beyond the somatomes affected by the initial 
block, or of substitution pathways activated at other levels. 
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SUMMARY AND CONCLUSIONS 


The spinal cords of 12 patients who had died at various intervals fol- 
lowing subarachnoid alcohol block were investigated by multiple histo- 
logic sections. Consistent demyelination and degeneration in the dorsal 
roots apparently accounted chiefly for the relief of pain. The accompany- 
ing changes in the spinal cords were the result of both wallerian de- 
generation and the direct action of the alcohol upon portions of the cord. 
With one exception, in which alcohol was injected directly into the spinal 
cord, no significant lesions were observed in the motor cells or the 
anterior roots. These findings indicate that the technique described is 
capable of producing an accurately localized chemical rhizotomy. 
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LEGENDS FOR FIGURES 
Fic.1. Patchy demyelination in the dorsal root (case 2, Tg). Weil-Weigert stain. 
xX go. 
Fic. 2. Fragmentation of myelin sheaths in the dorsal root (case 5, T3). Weil- 
Weigert stain. X 250. 


Fic. 3. Degenerating axis cylinders in a dorsal root (case 7, T1r1). Ranson’s 
pyridine-silver stain. X 400. 
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Fic.4. A dorsal root with complete loss of myelin and marked proliferation of 
Schwann cells (case 8, Tg). Weil-Weigert stain. x 250. 


Fic. 5. Regeneration of axis cylinders in a dorsal root (case 2, Tg). Ranson’s 
pyridine-silver stain. X 325. 


Fic. 6. Moderate chromatolysis of cells in a spinal ganglion (case 9, T11). Toluidine 
blue. X 450. 
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Fic. 7. Cross section of the spinal cord, showing a wedge-shaped area of demyelina- 
tion in a dorsal fasciculus (case 4, T6). Weil-Weigert stain. x 9.5. 


Fic. 8. Ascending degeneration in a dorsal fasciculus. The section illustrated was 
6 segments above the site of injection (case 9, T4). Weil-Weigert stain. X 9.5. 

Fic.9. Marked chromatolysis and eccentricity of nuclei in ganglion cells in Clarke’s 
column (case 9, L1). Toluidine blue. x 450. 


Fic. 10. Extensive necrosis and degeneration following accidental injection of alco- 
hol into the spinal cord (case 8, L3). Weil-Weigert stain. x 9. 
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EFFECTS OF NITROGEN MUSTARD ON THE MOUSE BRAIN 


T. P. McDonatp, M. Asano, M.D. 
From the Biology Division, Oak Ridge National Laboratory,* Oak Ridge, Tenn. 


Mustargen [methyl-bis (8-chloroethyl) amine hydrochloride or 
HNe2*HCl], a radiomimetic alkylating agent of the nitrogen mustard 
group, has been widely used in the treatment of intracranial neoplastic 
disorders since its first clinical use in 1942 by Gilman and Phillips.* The 
basis for its use was the presumption that normal nervous tissue was 
relatively resistant to HNe*HCl and that the drug exerted its greatest 
effects on rapidly growing neoplastic tissue.? Many investigators,?~> how- 
ever, have described functional aberrations in nitrogen mustard-treated 
animals that might result from damage to the central nervous system, 
and French, West, von Amerongen and Magoun® reported histologic 
changes in the brains of cats and monkeys as a result of the intracarotid 
injection of 0.25 to 1 mg. of HN: per kg. of body weight. The pathologic 
effects of nitrogen mustard on the developing nervous system of the 
mouse and rat have been reported by Hicks.’ The principal object of 
this investigation was to assay by histologic methods the effects pro- 
duced in the adult mouse brain by single graded doses of intravenously 
injected nitrogen mustard. 


MATERIAL AND METHODS 


Female RF mice, 10 weeks of age and weighing from 21 to 26 gm., were used in 
this study. Four hundred and forty mice were used to determine the LDs/30 days of 
HN:*HCl, and the 30-day survivors were kept to investigate delayed somatic effects. 
These will be reported later. The brains of an additional 189 mice were examined 
microscopically. 

Mustargen hydrochloride (HN:*HC1) dissolved in 0.9 per cent saline with a pH 
of 4.2 to 4.6 was injected into the dorsal caudal vein in doses of 0.05, 0.06, 0.08, 0.1, 
0.12, 0.15, 0.2 and 0.4 mg. per mouse. 

Mice for histologic study were sacrificed by ether anesthesia at regular intervals 
between 1 and 28 days after injection of the drug, and brain tissues were taken for 
examination. The craniums, with skin, lower jaw, and neck removed, were allowed 
to fix overnight in Halmi’s fixative. Brains were then cut into 4 parts: (a) the 
medulla oblongata and posterior part of the cerebellum; (b) the mid-brain at the 
level of the superior quadrigeminal bodies; (c) the brain just inside the optic 
chiasma; and (d) the forebrain, including olfactory lobes. The parts were placed in 
Zenker-formol solution for 24 hours. The sections were stained with hematoxylin 
and eosin or with cresyl echt violet. In addition, brains of some mice were fixed in 
10 per cent formalin, mordanted for 4 days (3 per cent potassium dichromate), de- 
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hydrated, embedded in tissue mat (56 to 58° C), and stained with Lillie’s variant 
of the Weil-Weigert method or Luxol-fast-blue-and-Nissl stain for myelin sheath. 


RESULTS 
Survival 


A straight line was fitted to the survival data by the method of least 
squares, and the LDso/30 days was determined to be 0.127 mg. per 
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TEXT-FIGURE 1. Thirty-day mortality in relation to dose of HNs*HCl (Arc Sine 
Transformation: @ = arc sine \/P, where P = per cent mortality). 


mouse with a 95 per cent confidence interval of 0.103 to 0.162 (Text-fig. 
1). The survival time varied inversely in relation to dose (Text-fig. 2). 
At doses of 0.4 mg. per mouse, all mice died within 4 days, 50 per cent 
of the deaths occurring within the first day after treatment. About 83 
per cent of the mice injected with 0.2 to 0.15 mg. per mouse died within 
the first week, most of them between the fourth and seventh days. After 
doses of 0.1 and 0.12 mg. per mouse, mortality at 30 days was 39 and 
55 per cent respectively, 41 per cent of the deaths occurring by the 
seventh day. After doses of 0.08 to 0.05 mg. per mouse, 5 of 60 mice died. 


Macroscopic Observations 


Animals injected with nitrogen mustard showed the following symp- 
toms: extreme emaciation, ruffling of fur, inactivity, diarrhea, lacri- 
mation, lack of muscular coordination, hyperirritability, and spontane- 
ous convulsions. With doses of 0.05 mg. per mouse, a moderate lack of 
coordination, with weakness and ruffling of fur, was present between 
the third and sixth days. In general, mice given 0.1 mg. were unaffected 
until the second or third day, when depression and ruffling of fur or 
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general unkemptness appeared. This condition persisted on the third 
and fourth days with the onset of diarrhea, weakness, lacrimation, and 
anorexia. Emaciation, increased irritability, and depression were com- 
mon on the fifth day. Within the next day or so, the animals tended 
either to die or to start to recover. Hyperirritability and loss of coordi- 
nation, however, remained for 2 to 4 weeks. In a few instances perma- 
nent abnormalities of posture and movement were noticed among 30-day 
survivors. 

Doses of 0.12 and 0.15 mg. per mouse produced essentially the same 
toxicity symptoms as 0.1 mg. per mouse. Symptoms were, however, more 
pronounced, and weakness and ruffling of fur were apparent the day 
after treatment. Mice given these doses did not live long enough to de- 
velop fully the neuropathy found at the o.1 mg. dose level, but all mice 
given HN2*HCl showed edema and congestion of the brain, occasionally 
with subarachnoid hemorrhage between the fourth and 14th days. 


Microscopic Observations 


In Table I data for later sacrifice periods in the higher dose groups 
are lacking because of earlier mortality at these doses. Brains of mice 
receiving doses at or above the LDso/30 days showed multiple areas of 


DOSE |NO.OF | TOTAL DEAD INTERVAL AFTER TREATMENT (days) 
mg/MOUSE| MICE | 30 DAY % 6- 
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TEXT-FIGURE 2. Mortality of mice in relation to dose of HN.*HCl and time after 
injection. 
hemorrhage and necrosis. Little necrosis was present in brains of mice 
given lower doses. Sagittally, the sites of predilection for brain damage 
in all groups were the neocortex, pyriform cortex, hippocampus, cere- 
bellum, and medulla oblongata (Fig. 1). Selective neuronal shrinkage 
preceded hemorrhage in all treated animals. In the group that received 
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the highest dose there was observed a neuronal necrosis that resembled 

Spielmeyer’s “homogenisierende Ganglienzellnekrose” (homogenizing 
ganglion cell necrosis), an important ischemic cell change appearing 
chiefly in Purkinje cells, the olivary nucleus, and the fascia dentata.® 

Hemorrhage and Focal Necrosis. As illustrated in Figure 2, hemor- 
rhage was localized in the dorso-lateral neocortex and the pyriform 
cortex, especially in the deeper cortical laminas, in Sommer’s sector of 
the hippocampus, in the ventro-lateral part of the medulla oblongata, 
and in both white matter and granular layer of the cerebellum (Figs. 
3 and 4). Focal necrosis occurred only in the deeper cortical laminas and 
Sommer’s sector of the hippocampus from the fourth day in the 0.15 
mg. group to the sixth day for lower doses. In some mice of the 0.12 mg. 
and o.1 mg. groups, hemorrhage occurred at the hypothalamic region of 
the midbrain and forebrain on the sixth or seventh day. The hemorrhagic 
lesions were somewhat similar in appearance in all groups and varied 
from extravasation of red cells, accompanied by a perivascular gather- 
ing of phagocytes, to multiple hemorrhages of varied sizes. A slight 
edema was present in the areas of hemorrhage. The regions of necrosis 
were usually accompanied by hemorrhage and disappearance of nerve 
cells, with only a few neutrophils in the area. When focal necrosis and 
hemorrhage occurred in the white matter, myelinated fibers were intact 
in the hemorrhagic region; in the regions of necrosis, however, myelin 
and axis cylinders were destroyed and the myelin was phagocytized. 
Neuronophagia was not noted, nor was fibrovascular organization pres- 
ent. Cysts were noted on the sixth to twelfth days in the 0.15 mg. group, 
on the twelfth to 14th days in the 0.12 mg. group, and on the tenth day 
in the o.1 mg. group. Numerous fat-laden macrophages were present at 
the peripheries of the cysts, and many newly proliferated capillaries 
and proliferating oligodendroglia and microglia appeared in the area 
surrounding the cysts. The endothelium of capillaries was swollen and 
showed proliferation (Fig. 5), and thrombi were evident in some 
capillaries in the pericystic tissues (Fig. 6). In areas surrounding cysts 
in animals that survived for 12 days in the 0.12 and 0.15 mg. groups, 
microglia and astrocytes were hyperplastic, newly formed vessels were 
proliferating, and perivascular lymphocytic infiltration was pronounced 
(Fig. 7). 

Patchy swelling of myelinated fibers was seen on the medial lemniscus, 
the posterior spino-cerebellar tract of the medulla oblongata, and the 
white matter of the cerebellum on the first and second days in the 0.15 
mg. group. 

No hemorrhage or focal necrosis were noted in any of the controls. 
Neuronal “Homogenisierende” Change. The neuronal “homogeni- 
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sierende” change was noted only in the 0.15 mg. group and occurred on 
the fourth to sixth day after treatment (Fig. 8). The cytoplasm of nerve 
cells on the ventro-lateral and lateral regions of the medulla oblongata 
and superior olivary nuclei had a glassy appearance and was swollen, 
and nuclei were irregularly shrunken or the nuclear membrane showed 
membranolysis. Chromatin granules also appeared denser. No neuro- 
nophagy was seen. 

Selective Neuronal Shrinkage. The selective neuronal shrinkage was 
very constant in the pyramidal layer of the hippocampus, especially in 
Sommer’s sector, on the first to fourth days in the 0.15 mg. group and 
then again after the twelfth day, on the second to 17th days in the o.1 
mg. group, and within 6 hours to the 21st day in the 0.05 mg. group. The 
selective neuronal shrinkage often appeared in the olivary nucleus of 
the medulla oblongata by the tenth or twelfth day in the 0.15 mg. and 
0.12 mg. groups, on the seventh to 17th days in the o.1 mg. group, and 
on the 14th to 21st day in the 0.05 mg. group (Fig. 9). The cytoplasm 
of shrunken nerve cells became sharply eosinophilic, the nucleus small, 
homogeneous, and poorly defined. Whereas all treated animals exhibited 
neuronal shrinkage, which usually affected many neurons in a given area 
(Fig. 9), this change was noted in but two controls, in which only oc- 
casional neurons were affected. 


DISCUSSION 


Many investigators?**" have reported physiologic changes that 
appeared to have arisen from neurologic damage caused by nitrogen 
mustard intoxication. The symptoms recorded include convulsive run- 
ning movements, salivation, urination, defecation, lacrimation, depres- 
sion, and kinetic tremors. Only French and co-workers® described 
pathologic lesions in the adult brain attributable to HN2*HC1 intoxica- 
tion. Their observations were: edema, hemorrhage, neuronal and glial 
degeneration, and demyelination. 

The above-listed physiologic and neurologic alterations are, in gen- 
eral, similar to those reported here except that convulsive running move- 
ments were not observed by us. We did, however, observe spontaneous 
convulsions. Another symptom seen in our mice and previously reported 
by Anslow, Karnofsky, Jager and Smith,® and Sternberg, Philips and 
Scholler® was marked hyperirritability, as evidenced by an abnormal 
responsiveness to sound and handling. 

Goldin, Noe, Landing, Shapiro and Goldberg ’” reported on the neuro- 
logic syndrome in mice intoxicated with various chlorinated tertiary 
amines. Although their work did not deal specifically with methyl-bis 
(B-chloroethyl) amine, they did investigate the effects of several bis 
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(8-chloroethyl) amines and concluded that these compounds did not pro- 
duce the “waltzing syndrome,” which they described as “hyperactivity, 
retropulsion, choreic head movement, running in circles, incoordination, 
poor balance, poor righting reflex, and uncoordinated swimming pat- 
tern.” Our results are not in complete agreement with these findings 
since we did observe a lack of muscular coordination. 

Demyelination, as described by French and co-workers,*® was not ap- 
parent in this investigation, and the thrombus formation they noted as 
an early lesion occurred only after development of brain necrosis in our 
mice. The localized pathologic alterations in the mouse brain were 
similar to those seen in anoxic brains (Fig. 1; Table I). These included 
hemorrhage, necrosis, “homogenisierende” change, and shrinkage of the 
nerve cells of the neocortex, pyriform cortex, hippocampus, cerebellum, 
and medulla oblongata. The reasons for this localized distribution of 
injury remain obscure, but may have resulted from local variation in 
tissue vulnerability or vascular factors.'* 

The lethal doses of nitrogen mustard found here (Text-fig. 2) are 
similar in magnitude to those previously reported.***"* The extent to 
which brain damage contributed to death is being investigated in a com- 
parative study of damage to all tissues and organs. Appearance of severe 
brain damage at the time of most frequent deaths suggests a causal con- 
nection. 

SUMMARY 


When various doses of methyl-bis (8-chloroethyl) amine hydrochlo- 
ride (HN2*HCl) were injected intravenously into albino mice, injury to 
the brain was severe and proportional to dose. The LDs0/30 days of 
nitrogen mustard was found to be 0.127 mg. per mouse (95 per cent 
confidence interval of 0.103 to 0.162). Brains of mice receiving doses 
larger than the LDso/30 days (0.15 mg. per mouse) showed neuronal 
shrinkage, localized neuronal “homogenisierende” changes, severe hem- 
orrhage, and multiple foci of necrosis; doses near the LDso/30 days (0.1 
and 0.12 mg. per mouse) produced selective neuronal shrinkage in the 
early stages and hemorrhage and focal necrosis later. At lower doses 
(0.05 mg. per mouse), the most significant damage was shrinkage of 
the nerve cells. In a sagittal plane, the sites of predilection for brain 
damage in all groups were the neocortex, pyriform cortex, hippocampus, 
cerebellum, and medulla oblongata. Brain damage and death rate for 
the high-dose groups (above 0.05 mg. per mouse) reached maximum 
on days 6 to 8. The following signs and symptoms were also observed 
in intoxicated animals: extreme emaciation, ruffling of fur, inactivity, 
decreased muscular coordination, hyperirritability, spontaneous con- 
vulsions, diarrhea, and lacrimation. 
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LEGENDS FOR FIGURES 


Except where indicated, photographs were prepared from sections stained with 
hematoxylin and eosin. 


Fic. 1. Cross sections of a control brain, showing sites of predilection of: 
[] shrinkage of nerve cells; 

AA hemorrhage; 

Ss necrosis; 


hemorrhage and necrosis. 


(a) Cross section of forebrain; (b) a section through the optic chiasma at the 
diencephalon; (c) a cross section through the level of the rostral pole at the habenular 
complex; and (d) a cross section of medulla oblongata and cerebellum. X ro. 
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FIG. 2. 
FIG. 3. 
FIG. 4. 
FIG. 5. 
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Hemorrhage and necrosis in the hippocampus. X 14. 


Hemorrhage and necrosis in Sommer’s sector of the hippocampus. X 560. 


Hemorrhage in the medulla oblongata. X 140. 


Malacic cysts in the hippocampus. X 140. 
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Fic.6. Thrombus and surrounding erythrocytes in a malacic cyst of the hippo- 
campus. X 380. 


Fic. 7. Proliferation of microglia and astrocytes in the hippocampus. X 380. 
Fic. 8. Spielmeyer’s “homogenisierende” necrosis in the medulla oblongata. X 560. 


Fic.9. Shrinkage of nerve cells in the medulla oblongata. Nissl stain. x 560. 
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ON THE SIGNIFICANCE OF INTRACYTOPLASMIC 
INCLUSIONS IN THE URINARY SEDIMENT 


Myron R. M.D., ano Wanna H. Wo.LinsKA 


From the Cytology and Pathology Laboratories, Memorial Hospital for Cancer 
and Allied Diseases, New York, N.Y. 


In a recent cytologic and pathologic study of early urinary bladder 
carcinoma,’ we noted peculiar eosinophilic intracytoplasmic bodies of 
unknown significance within degenerating cells of the urinary sediment 
(Fig. 1). Similar bodies were described by Bolande? in urine from chil- 
dren with measles and other viral diseases. He generously afforded us 
the opportunity to examine some of his preparations and to compare 
them with our own. The cytoplasmic bodies in his and our material ap- 
peared to be identical morphologically. It thus seemed desirable to re- 
view more material, largely from an adult population, to look for possible 
relationships between these inclusion-bearing cells and specific disease 
states. 


MATERIAL AND METHODS 


Papanicolaou-stained urine sediment smears* from 500 consecutive patients, ob- 
served subsequent to January 1, 1959, were taken from the files of the Cytology 
Laboratory of the Memorial Hospital, New York. The smears were re-examined for 
the specific purpose of noting cells with eosinophilic, intracytoplasmic bodies. These 
were marked and counted in each preparation. Over-all epithelial cellularity, in- 
flammation, blood, and crystals were noted in each of the smears. If fewer than 5 cells 
with inclusions were found in a specimen, it was classified as having “few”; if 5 to 
20 cells were found, it was classified as “moderate”; if more than 20 cells were 
present, the designation was “many.” Follow-up specimens were examined in a few 
instances, as indicated. Clinical data were obtained from the hospital charts after the 
urine smears were examined. A few cases were discarded because insufficient informa- 
tion was available, and these were replaced by others, consecutively taken. 


MorPHOLOGY 


Once recognized, the intensely staining intracytoplasmic eosinophilic 
bodies were easily identifiable (Fig. 1). They contrasted sharply with 
the usual pale gray cytoplasm of exfoliated cells in urinary sediment. 
When well formed, they were characteristically round or ovoid and 
measured as much as 12 to 15 » in diameter. More commonly, they 
ranged from barely resolvable granules (Fig. 2) to a diameter of about 
10» (Fig. 3). The larger ones were characteristically single; the smaller, 

Presented in part at the Eighth Annual Meeting of the Intersociety Cytology Council, 


September 24, 1960, Chicago, Ill. 
Accepted for publication, January 12, 1961. 
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more frequently multiple. There was also variation in configuration. 
Irregularly ovoid or club-shaped forms were not uncommon; more rarely 
they were rod-shaped (Fig. 4), curvilinear (Fig. 5), or even branching 
(Fig. 6). 

We have never seen these inclusions within nuclei. Almost always 
the affected cell was degenerated, and often no longer identifiable as to 
type. Most commonly the nuclei were pyknotic (Figs. 1 and 2) or showed 
marked chromatin clumping (Fig. 7) and karyorrhexis (Fig. 8). Oc- 
casionally there was chromatin fading without loss of nuclear membrane 
staining. This resulted in “ring” nuclei with, perhaps, a clump or two 
of peripherally placed chromatin (Fig. 3). Well-formed inclusions were 
seen occasionally within anuclear cytoplasmic remnants (Fig. 9); these, 
in some instances, were multiple and varied in size, appearing no dif- 
ferent from those in nucleated cells. Only rarely were inclusions found 
within relatively well preserved epithelial cells (Fig. 10). Neoplastic 
(Fig. 6) as well as non-neoplastic cells were affected. Oil immersion 
magnification failed to reveal any internal structure within the in- 
clusions (Fig. 11). 

It was not possible to identify stages in the development of the in- 
clusions conclusively. The degree of nuclear degeneration did not cor- 
relate with alterations in their size, number, or configuration. Certain 
cells (Fig. 12) led to the impression that the inclusions were formed by 
condensation of an amorphous eosinophilic-staining cytoplasmic sub- 
stance such as is noted in occasional cells of the urinary sediment. Yet, 
minute intracytoplasmic bodies were seen in cells which did not exhibit 
diffuse eosinophilia (Fig. 2). Occasionally it appeared that larger in- 
clusions formed by confluence of smaller ones (Fig. 13), perhaps ex- 
plaining why the large ones were characteristically single. Bladder 
biopsy specimens which showed intracytoplasmic inclusions within in- 
tact epithelium likewise offered few clues to their mode of origin and 
development (Fig. 14). 


RESULTS 
Incidence 


Altered cells containing the intracytoplasmic bodies were identified in 
217 (43 per cent) of the 500 consecutive cases examined (Table I). 
They were more commonly found in voided than in catheterized urine 
(Table II) and more frequently in men than in women (Table III). 
There was a disproportionately greater number of catheterized speci- 
mens from women (80 per cent) than men (41 per cent), accounting for 
some of the over-all difference in incidence between the sexes. However, 
even in the catheterized specimens there was a higher incidence of in- 
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clusions in men than in women (Table III). Interestingly enough, cath- 
eterization appeared to be associated with a lower incidence of inclusion- 
bearing cells in men only (Table III). This will be further discussed 
below. The patients investigated included a few children but were largely 
an adult population. There seemed to be a slight increase in incidence 
of inclusion-bearing cells in the oldest age groups (Table IV). 


TABLE I TABLE II 
INCIDENCE OF INCLUSIONS INCLUSIONS IN VOIDED 


IN URINE SPECIMENS VS. CATHETERIZED URINE * 
(Total cases examined: 500) 


Cells with inclusions Cath.t Void. 
Inclusions Cases "6 
Few (1 to 4) 135 Few (1 to 4) 45 46 
Moderate (5 to 19) 52 Moderate (5 to 19) 16 17 
Many (20+) _30 Many (20+) 13 9 
Total: 217 (43%) Incidence of inclusions 34% 49% 


* Information whether catheterized or voided 
available in 368 cases. 


¢ Includes 13 specimens of ureteral urine. 


TABLE III 


INCIDENCE OF INCLUSIONS 
IN MEN AND WOMEN 


TABLE IV 


AGE OF PATIENTS AND 
OCCURRENCE OF INCLUSIONS 


All Bladder urine only * Age (yrs.) 
specimens (catheterized) <40 40-60 60+ 
M F M F 
Toul Total 
ota 
ts 8 I 2 
examined 297 203 81 126 79 
Incidence of Inclusions 
inclusions 50% 33% 41% 32% present 32% 40% 48% 


* Thirteen specimens of ureteral urine not in- 
cluded. 


Urinary Tract Disease 


An effort was made to relate the inclusion-bearing cells to urinary 
tract disease of various types (Table V). The cells were most commonly 
found among patients with primary bladder cancer and somewhat less 
commonly among those with no urinary tract abnormality. This differ- 
ence in incidence was relatively small and at least partly explainable by 
differences in cellularity and evidences of inflammation in the urine 
sediment. 

There were 30 specimens containing many (over 20) inclusion- 
bearing cells. Even in these there was no apparent correlation with 
specific urinary tract disorder (Table V). Two of the 30 had no urinary 
tract disease at all; in one there was a pulmonary granuloma; in the 
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other, arthritis. A second examination was possible in 12 of the 30, 1 day 
to 9 months later. In only 4 was there a persistence of many (over 20) 
inclusion-bearing cells; in 2 of these a 7-month time interval had elapsed. 
Only 1 of the 12 specimens had no inclusion-bearing cells; in this in- 
stance the second specimen was taken 2 days after the first and followed 
resection of a bladder papilloma. 


TABLE V TABLE VI 
INCIDENCE OF INCLUSIONS INCIDENCE OF INCLUSIONS AFTER 
IN VARIOUS DISEASE STATES URINARY TRACT MANIPULATION 
(Total cases: 89) 
Inclusions 
Total Many No. of 
cases Present (No. of Inclusions cases 
cases) 
No disease 92 37% 2 None 45 
Non-neoplastic 
disease 196 42% 14 Few (1 to 4) 25 
Benign bladder 
; Moderate (5 to 1 I 
papillomas 46 44% 4 
Bladder carci- Many (20+) 5 
noma IIs 49% 8 
Other cancers 41 44% 2 Total with inclusions 49% 


Systemic Disease 


More than half the patients in this series were over 60 years old, and 
they suffered the degenerative diseases common to this age group. It 
was difficult to assess the importance of arteriosclerosis except by equat- 
ing it with age. As noted, inclusions were somewhat more common in 
the older age groups (Table IV). There were 29 patients with diabetes. 
Of these, 14 were found to have inclusion-bearing cells in their urine. 
This paralleled the incidence in the nondiabetic group. Hepatitis was 
present in 4 patients at the time of urine examination, or became ap- 
parent shortly thereafter. Inclusions were present in 2 of these. One 
patient, presumed to have viral neuropathy, had no inclusions in the 
urine. No other viral disorders were clinically apparent in the other 
patients. 

There was no consistent pattern of systemic disease manifest in the 
cases with inclusion-bearing cells in the urine. 


Local Factors 


Marked degeneration was almost invariably evident in inclusion- 
bearing cells. Yet, in evaluating factors generally associated with in- 
creased numbers of degenerating cells in the urinary sediment we were 
again unable to find any convincing leads. Intracytoplasmic bodies were 
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present in 48 per cent of 96 patients with a history of prior radiation 
therapy to the pelvis or abdomen for various reasons, or who had had 
chemotherapy. In the urine of an additional 23 patients currently re- 
ceiving radiation therapy, 12 (52 per cent) had inclusions. Thus, neither 
recent nor remote radiation, nor systemic chemotherapy appeared to 
alter the incidence of the inclusions. Manipulation of the bladder within 
the preceding 2 months (cystoscopy, biopsy, fulguration, silver nitrate 
instillation, indwelling or repeated catheterization, or retrograde pyelo- 
gram) also had no apparent bearing on the incidence of the bodies 
(Table VI). 

The frequency of inclusions was slightly increased in cases with evi- 
dence of moderate inflammation, as judged by the presence of leukocytes 
in the smears (Table VII), but cases with marked inflammation did not 
confirm this relationship. Finally, an attempt was made to correlate the 
bodies with over-all epithelial cellularity in the smears. As might be 
anticipated, when epithelial cells were sparse, the inclusions were less 
likely to be found (Table VIII). Abundant cellularity, however, was not 
accompanied by an increase over the group as a whole. 


Tas_e VII VIII 


COINCIDENCE OF INCLUSIONS COINCIDENCE OF INCLUSIONS 
AND INFLAMMATION AND EPITHELIAL CELLULARITY 


Total Inclusions Cellularity Total Inclusions 
Inflammation cases present of urine * cases present 
None 33% + III 30% 
Slight 51% ++ 254 447% 
Moderate 60% 99 55% 
Marked 50% +4+4++4+ 36 50% 


*+ to ++-+-+ indicates increasing cel- 
lularity from very sparse to abundant. 


The presence of red blood cells, crystals, spermatozoa, and parasites 
(Trichomonas) had no influence on the occurrence or detection of the 
inclusion-bearing cells. 


DIscussION 


Despite the usual marked degeneration of affected cells, it was often 
possible to identify them as of epithelial origin. Indeed, inclusions were 
occasionally seen in clearly malignant neoplastic epithelial cells from 
patients with bladder carcinoma (Fig. 6). By carefully examining 
histologic sections of bladder biopsy specimens in selected cases we have 
also been able to demonstrate inclusions within cells in the intact epi- 
thelium (Fig. 14). 
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Inclusion-bearing cells were more frequent in voided than in cathe- 
terized urine from men, but not women (Table III), suggesting that 
some also originated in the male urethra (Fig. 15). In fact, we found 
them in urethral washings from a male patient following total cyst- 
ectomy. They were also found in urine obtained by ureteral catheteri- 
zation. Seminal fluid was not examined for inclusion bodies, but similar 
inclusions have been encountered in the epithelium of prostatic carci- 
noma. 

Inclusion-bearing cells were found quite regularly in urine specimens 
from adults, without regard to any specific disease process. In fact, they 
were also present with almost as high an incidence in well subjects. As 
might be expected, they were less likely to be found in specimens with 
only sparse cellularity, and thus were somewhat less common in the 
healthy individuals. 

Similar eosinophilic intracytoplasmic bodies have also been described 
in degenerating exfoliated cells in sputum. Papanicolaou,* who first drew 
attention to them, found them in the sputum from a number of patients 
with a variety of acute and chronic respiratory diseases. He was im- 
pressed by a relatively frequent association with bronchogenic carcinoma 
and subsequently reported a case in which this alteration in sputum led 
to further studies on a patient who later developed lung cancer.‘ In de- 
tailed clinical investigations of this phenomenon, Pierce and her col- 
leagues ** associated the inclusions with acute viral respiratory disease 
and, more specifically, adenovirus and influenza. 

In a footnote to his original description of the inclusions in sputum,® 
Papanicolaou mentioned seeing similar changes in urinary, endocervical 
and mammary cells. We can confirm these observations; moreover, we 
found identical inclusion-bearing cells in pleural and ascitic fluid and 
in gastric and colonic washings. If the inclusions as they appeared in 
the urine were the result of viral infection, they would seem to be due 
to viruses universal in distribution among the adult population and ap- 
parently unassociated with clinical manifestations. Our observations 
strongly suggest that the inclusions are nonspecific in nature but prob- 
ably reflect a degenerative cellular alteration. 


SUMMARY 


Urine specimens procured from 500 consecutive adults with and 
without urinary tract disease were re-examined in order to establish the 
incidence and significance of exfoliated inclusion-bearing cells. There 
was no correlation with any specific disease state, either a systemic 
process or one localized to the urinary tract. Our observations suggest 
that morphologically striking, eosinophilic, intracytoplasmic bodies, 
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which resemble viral inclusions, reflect a degenerative cellular change 
unassociated with a specific clinical ailment. 
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LEGENDS FOR FIGURES 


All photographs were prepared from smears stained by the Papanicolaou method or 
tissue sections stained with hematoxylin and eosin. 
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1. Transitional epithelial cell with peripheral pyknotic nucleus. The deeply 
eosinophilic, sharply defined, round intracytoplasmic body (gray in photo- 
graph) is actually larger than the nucleus. The adjacent cell is from relatively 
normal bladder epithelium. 500. 

2. This cell, with a pyknotic nucleus, contains multiple (bright pink or orange) 
intracytoplasmic inclusions. Some appear as tiny granules and, though appear- 
ing gray in the photograph and difficult to see, are actually readily visible because 
of their intense eosinophilia. X 500. 

3. This single large round intracytoplasmic inclusion appears as a solid gray 
body (actually stains deep pink). Note the peripheral condensation of nuclear 
chromatin in this degenerating double-nucleated cell. x 500. 

4. A rod-shaped eosinophilic intracytoplasmic inclusion. Nuclear chromatin 
clumping indicates early cellular degeneration. X 500. 


5. The eosinophilic intracytoplasmic inclusion is curvilinear in this instance. 
Though it appears poorly defined in the photograph, it actually is readily ap- 
parent because of its pink staining. X 500. 

6. A huge, irregularly branching, rod-shaped intracytoplasmic inclusion within 
a cancer cell. This patient had epidermoid carcinoma of the bladder. X 500. 

7. Nuclear chromatin clumping is marked in this inclusion-bearing cell and 
probably would have progressed to karyorrhexis. The pink-staining intracyto- 
plasmic body contiguous to the nucleus is readily distinguished by its striking 
eosinophilia. X 500. 

8. Karyorrhexis. A single, deeply pink-stained, round inclusion appears here as 
a large, gray, peripherally placed body. The many smaller, dense, irregular frag- 
ments are all nuclear debris. X 500. 

g. A single, well formed, brightly eosinophilic inclusion within an anuclear 
cytoplasmic remnant of a cell. x 500. 


1o. A single, small but well defined, eosinophilic inclusion within the cyto- 
plasm of a well preserved epithelial cell. X 500. 


11. A large, ring-shaped inclusion within the cytoplasm of a degenerating cell 
with a pyknotic nucleus. Even at this high magnification the inclusion body is 
homogeneous and structureless. X 1400. 

12. In occasional cells, such as this, tiny eosinophilic granules emerge from 
areas of diffuse eosinophilia within the cytoplasm. X 1400. 

13. This cell contains multiple small, deeply pink-staining inclusions which are 
apparently becoming confluent. The single nucleus is small, dark-staining, and 
peripheral. X 500. 

14. Bladder biopsy specimen from a patient with many inclusion-bearing cells 
in the urinary sediment. Numerous round pink inclusions (which here appear 
gray) are readily apparent within the cytoplasm of cells in the intact epithelium. 
Hematoxylin and eosin stain. X 350. 

15. Multiple, pink-staining intracytoplasmic inclusions (which appear here as 
pale gray) are readily distinguished from the darkly staining nuclear fragments 
in this degenerating squamous cell. X 500. 
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MORPHOGENESIS OF RENAL CYSTS 


J. Baxter, M. Sc. 
From the Department of Pathology, University of Melbourne, Melbourne, Australia 


Cysts, being well-defined abnormal collections of fluid, have at- 
tracted attention from earliest times but, nevertheless, in their macro- 
scopically well-developed form, are merely end results of precisely de- 
finable processes. Perusal particularly of the older literature shows that 
much thought has been given to their mode of formation, but most views 
put forward are speculations based on relatively little detailed obser- 
vation. 

An important distinction made in classification, especially in the 
kidney, has been between those of antenatal (congenital) and postnatal 
origin. This usually implies, and often states, that the processes involved 
in the former are different in kind: “imperfect or arrested development” 
giving a disturbed relation or failure of union of various components. 
The vagueness of such viewpoints was emphasized by the use of con- 
cepts such as “‘diathesis.” These conjectures are important in that they 
have given rise in turn to more specific though erroneous hypotheses and 
still influence present-day opinions. The changes observed in young, and 
particularly fetal, organs are indeed different in degree and rate from 
those in fully grown, functioning tissues, but the fundamental processes 
are essentially the same. However, to elucidate them, the earliest changes 
with all stages up to the fully formed cyst which, in itself, does not neces- 
sarily provide a clue to the originating chaages, are necessary. 

Among a series of specimens of congenital cystic kidney, which 
showed mainly cysts well formed but uninformative as to origins, an 
example showing less distorted tissue was investigated. 


MATERIAL AND METHODS 


The specimen was from a male stillborn, 36 weeks’ gestation, weighing 4 pounds, 
4 ounces. The facies was typical of that commonly associated with renal anomalies, 
and both feet showed mild abnormalities (talipes). The right kidney, adherent to the 
liver and diaphragm, was a large cyst containing 150 cc. of clear fluid, no renal tissue 
being evident to the naked eye. A probe passed readily into the dilated, coiled ureter. 
A small left kidney was 2 cm. in length, and the pelvis and ureter were dilated. The 
bladder, 7.5 cm. in diameter with a wall 1 cm. thick, had a trabeculated inner surface. 
The proximal 1.5 cm. of urethra was dilated. 

Both kidneys were examined histologically, and material from the left kidney was 
microdissected. This required a maceration time of 60 hours at 21.5°C. in con- 
centrated hydrochloric acid.* Tissue from control kidneys was incubated for 32 hours 
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at 19° C. When ready, tissue was hand-dissected under a stereoscopic microscope, at 
magnifications of 50 and 100. Dissected tissue was mounted on a glass slide in water 
and photographed, with 35 mm. Ilford Micro. Neg. Pan film. 
Kidneys from stillborns, 37 weeks’ gestation, showing neither gross nor histologic 
abnormality, were obtained for comparison. 
RESULTS 
Histologic Examination 


The wall of the cyst constituting the right kidney was densely fibrous. 
Remnants of renal tissue consisted of a rare renal corpuscle (showing a 
shrunken glomerulus in a wide subcapsular space) and a few tubules, 
25 to 120 » in diameter. Most were in the 25 to 50 » range and lined by 
1 to 5 layers of cuboidal cells. 

The left kidney had a thick, fibrous, vascular capsule containing 
groups of wandering cells. The cortical width varied from 2 to 10 layers 
of renal corpuscles. The densely fibrous medulla showed isolated tubules 
and groups of wandering cells. 

Most renal corpuscles were large (a few being shrunken) and con- 
tained a wide subcapsular space. The glomeruli were reniform or digitate 
and occasionally diminutive in size. The various tubular components 
were not readily distinguishable. In the cortical rim, tubules were dilated 
but in deep layers were shrunken. Tubule cells were usually pale- 
staining, but some had pyknotic nuclei and occurred in 2 to 4 layers. 
There was considerable dense connective tissue around the pelvis. 


Microdissection Examination 


Tissue from the left kidney was dissected, the maceration time being 
60 hours at 21.5° C. (approximately twice the time required for normal 
control tissue). This was regarded as indicating the relative amount of 
connective tissue present. In the normal tissues, nephrons were found 
of the characteristic long and short types (Table I). In the abnormal 
kidney, parenchymal tissue fell into two groups: (a) complete nephrons 
(Text-figs. 1 and 2); and (b) incomplete nephrons (Text-fig. 3), short 
tubule lengths and small tubule cysts. 

Complete Nephrons. The renal corpuscles were spherical to slightly 
ovoid in shape; rarely were reniform types encountered. The glomerulus 
usually filled the capsule, though in some examples a widening of the 
space was seen. Corpuscle diameters measured 50 to 260 », most being 
in the 100 to 135 » range. The average diameter (for 86 readings) was 
130 ». No suggestion of glomerular cyst was observed. 

The proximal convoluted tubules showed an over-all dilatation, the 
average diameter being 52 » (normal average diameter, 34 »), while the 
range was 12 to 124 »; the majority of tubules were in the region of 35 
to 65 
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Three main forms of this component were seen. One appeared as 
relatively long proximal convoluted tubules corresponding to, but 
slightly shorter than the upper range of normal tubules. These uncom- 
mon examples had an average length of 2.7 mm. (range for long proximal 


TEXT-FIGURE 1. Diagrammatic represen- 
tation of (A) a normal long loop nephron 
(period of gestation, 37 weeks) and (B) the 
abnormal “long” nephron, showing the average 
structural features. Scale: 1 inch = 625 u 

Key: P= proximal convoluted tubule 

H=descending limb of loop of 
Henle 
Ha=ascending limb of loop of 
Henle 
D = distal convoluted tubule 
C = collecting tubule 


tubules for the normal, 2.8 to 3.8 ») and included two sub-types. In the 
first, the terminal part of the proximal convolution gradually merged 
into the descending limb of Henle’s loop, so that there was little dis- 
tinction between these two segments (Figs. 1 and 2). In these instances, 
the loop itself was dilated, so that distinction was, at times, impossible 


Ha 
Ha H 
: A B 


June, 1961 RENAL CYSTS 725 


(Fig. 3). The place of junction was arbitrarily determined on the gen- 
eral topography and the region where the limits of the loop were parallel. 
Where a reasonable decision could not be reached, a precise measure- 
ment of components was not made, the total length only being measured. 
In the second sub-type, which was rarely found, the terminal portion 
tapered gradually, and while the diameters of this type were still in 
excess of normal, these types most closely approached the normal 
(Fig. 7). 

A second form of proximal tubule, occurring more frequently, was an 
extremely short segment, and similarly here, it was usually difficult to 


TEXT-FIGURE 2. Diagrammatic representation of (A) the normal short loop nephron, 
and (B) the intermediate and (C) short types from the pathologic kidney. The abnormal 
nephrons are significantly shorter, show dilatation of all tubular components, diverticula, 
loss of convolution, and absence of the normal narrowing of the loop of Henle. Scale: 1 inch 
= 625 uw. Key to symbols as in Text-figure 1. 


distinguish the termination of the tubule. This segment was here in the 
range of o.9 to 1 mm. in length (Fig. 3). 

The third and most common form of proximal tubule was moderately 
short and thick, representing an intermediate type, the length varying 
from 1.2 to 2.2 mm. (Fig. 8). Once more, the problem encountered with 
the other two varieties, in deciding the termination of the segment and 
the origin of the loop of Henle, was present here. 

Gradations of convolution and flabbiness of the segment occurred 
with all these types. The most poorly convoluted segments and most 


= . \ P 
CGV || SSSA : 

c Ha c 
Ha H 
Ha H : 
H 
A B C 

\ 


726 BAXTER Vol. 38, No. 6 


bizarre shapes were usually observed among the shortest variety; with 
the longest and intermediate forms, convolution was usually moderately 
well developed. Almost straight and wide flabby segments were only 
rarely seen in dissection. 

As emphasized, in the descending limbs of Henle’s loop there was 
difficulty in determining their exact demarcation from the proximal 


TEXT-FIGURE 3. Diagrammatic representation of the incomplete nephrons. The 
nephron components persisting are shown in heavier lines, while the missing components 
are faintly lined (compare with Figs. 9 to 11 and 13). Scale: 1 inch = 625 w. Key to symbols 
as in Text-figure 1. 


convoluted tubule. At times the beginning of the descending limb was 
indicated by a slight decrease in diameter; when a uniformity of diam- 
eter proceeding to the loop was demonstrated, this was concluded to 
indicate the extent of the limb. On other occasions, this measurement 
was decided more or less arbitrarily by the position of the limb in re- 
lation to surrounding structures. When all these methods of approach 
failed, the tubule from the renal corpuscle to the loop was measured as 
a single unit, and figures obtained were excluded from individual com- 
ponent lengths, but used only for complete nephron data. 

While the range in length was 0.4 to 0.9 mm., the average was 0.6 mm. 
Minute diverticula were frequently present in this segment. These 
occurred usually in the intermediate length nephrons (3.6 to 4.6 mm. 
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total nephron length) and less frequently in the very short (2.6 mm.) 
and the long nephrons (5.2 to 5.6 mm.). The diverticula frequently 
imparted to this portion of the nephron a “scalloped” appearance. In 
addition, the cells in this region often had in their cytoplasm conspicuous 
black granules (Fig. 5). 

At the bend of Henle’s loop, diameters varied. The most frequent 
range was 25 to 37 »; average diameter was 29 », but the extreme range 
was 12 to 50 ». Fine tubules with diameters as small as 12 » were ex- 
tremely rare. 

In the ascending limb, lengths ranged from 0.6 mm. in the shortest 
nephrons to 1.8 mm. in the longest nephrons, while the intermediate 
types were about 1 to 1.4 mm. Frequently, diverticula were present, 
both at the bend of the limb and the upper extremity in the region near 
the distal convoluted tubule (Figs. 4 and 6). The segment ranged from 
24 to 56 », but the most frequent range was 35 to 45 »; the average 
diameter of all limbs measured was 39 ». The development of diverticula 
reached a maximum in the region near the distal convoluted tubule. Al- 
though diverticula may have been absent from other regions of the 
nephron, they occurred with greatest frequency in this segment, and 
often continued over into the next nephron component. 

The distal convoluted tubule had an average length of 0.7 mm. with 
a range of 0.4 to 1 mm. While the average diameter here was 47 », the 
most common range was 45 to 55 », and the extreme range was 25 to 
62 ». Apart from a slight over-all increase in diameter and occasional 
localized dilatation of the collecting tubules, there were no special 
features in these tubules. Diameters ranged from the extremes of 25 to 
100 », while the average diameter was 44 » (normal, 29 »); the most 
common range was 37 to 50 z. 

Incomplete Nephrons. In addition to the segments described, isolated 
nephron components were also observed during dissection. These were 
mainly of two types: (a) those components attached to a renal cor- 
puscle; and (b) those unattached. 

The dimensions of the renal corpuscles attached to these incomplete 
units were not different from those of the complete nephrons; the aver- 
age diameter of these was 135 »; nor was the tubule diameter signifi- 
cantly increased. These units were blindly ending proximal convoluted 
tubules (Fig. 12), and the average diameter was 56 », while the length 
was usually o.9 to 1 mm., although occasional units were in the range of 
1.2 to 1.7 mm. The most striking feature of this group was the remark- 
able variety of the tubules. At times, the tubule was poorly convoluted 
and flabby (Fig. 11); at other times it appeared saccular—with localized 
cystic dilatations alternating with threadlike constrictions (Fig. 9). 
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The terminals of these short lengths also presented variety, in that they 
might end in a maze of connective tissue, in a terminal diverticulum 
(Fig. 11), a cystic dilatation (Fig. 10), or a connective tissue tuft 
(Fig. 9). 

The segments which were unattached to renal corpuscles were less 
frequent and usually lacked convolution, consisting of isolated tubular 
segments, sometimes becoming localized cystic dilatations. These were 
sealed at both ends (Fig. 13). 

In spite of the long maceration in concentrated hydrochloric acid, the 
resistant connective tissue in some places still adhered strongly to the 
parenchyma (Figs. 1 to 3, 6 and 7). 

Significant changes in the blood vessels were not observed during 
microdissection. 

The measurements of the nephron components vary somewhat, de- 
pending on the composition of the surrounding medium. Therefore they 
do not necessarily correspond precisely with those of the nephron in the 
living state. However, measurements were made in all cases from tissues 
which had been immersed in fluid of comparable ionic concentration, so 
that the abnormal nephrons bore a constant relation to the normals (in 
these particular conditions). 

DISCUSSION 

Cysts of the kidney are of various kinds, depending on their degree of 
development and site of origin. In view of the complexity of the nephron, 
a method of study such as microdissection, which demonstrates precisely 
the part affected, is especially appropriate. Cysts often differ consider- 
ably in different kidneys so that there is here an extensive field for in- 
quiry, and it is desirable to obtain information from many examples. 
However, suitable specimens are not common; some show only large 
cysts, and in the present state of knowledge, their morphogenesis must 
necessarily be obscure. In addition, the technique, like that of recon- 
struction from serial sections,?~* is exacting and time-consuming. This 
probably accounts, in part, for the paucity of precise information. 

For a study of early stages of cyst formation to be of value, two re- 
quirements must be fulfilled: a control kidney of comparable age should 
be investigated and accurate measurements of all components made. A 
problem in control observations is whether an organ or the component of 
an organ is strictly contemporaneous with the whole body since develop- 
ment of one part is often inhibited at an early stage. Furthermore, all 
the changes do not necessarily occur at one time but may arise at dif- 
ferent stages in the growth of the organ. Such possible discrepancies were 
appreciated although the controls employed were kidneys from indi- 
viduals of the same chronologic age as the infant in which the cysts oc- 
curred. 
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Cyst formation is an obvious structural end result which arrests at- 
tention, but the earlier and less easily observed changes are the im- 
portant features in elucidating its development. In the present case, cysts 
were not seen in glomeruli, but various forms and stages were obvious in 
the tubules. These consisted of (a) diffuse enlargement of different seg- 
ments of the nephron; (b) shortening of segments often with loss of con- 
volutions; (c) locular enlargements connected by narrowed parts of the 
tubule; and (d) well-defined diverticula. 

Well-developed cysts occurred in two forms: (a) those still in con- 
tinuity with the nephron, and (b) those which had lost their connection 
with the parent unit. The narrowness of the tubule joining dilated seg- 
ments or attached to a cyst was so exaggerated in some as to be an ex- 
tremely thin strand of tissue. In some segregated cysts this may have 
been mechanically disrupted during dissection, but in other cases a 
smooth “blind” end showed that separation had occurred earlier. Some- 
times excess fibrous tissue surrounded a narrowed segment, indicating, on 
the one hand, a localization independent of special junctional zones and, 
on the other, tissue behavior of a usual kind. All these changes could be 
demonstrated more easily when the tubule was not greatly dilated. The 
relatively unchanged nephrons also threw light on the processes in- 
volved. 

Dilated segments of the nephron and cysts in continuity with nephron 
components show that obstruction, postulated first by Virchow® as a 
significant factor, is not necessarily important. That some processes are 
“progressive” is indicated by healthy cells in cyst walls, the retention 
of cytologic detail (in sections) and the increase in the number of cells. 
The increased surface lined by the cells, together with their stratifica- 
tion, makes it clear that considerable hyperplasia must have occurred. 

A mixture of pathologic processes is thus involved, ranging from 
atrophy, either associated with or independent of mild inflammation, to 
parenchymal hyperplasia. These must be taken in the context of the 
growing organ. In addition to changes resembling those in the adult, 
atrophy may be represented by inhibition of growth (as in the shortened 
nephrons as well as grossly narrowed zones). Hyperplasia is often more 
organoid (as with diverticula and cyst wall formation) than in the adult. 
The changes are either relatively generalized and involve long segments 
of the nephron or are localized as distentions, pouchings and diverticula. 
Diverticula are often seen in the adult *® and are almost a normal com- 
ponent in certain parts of the nephron.*" In the present instance they oc- 
curred in exaggerated form, and were observed in a unique location— 
the loop of Henle. 

Dilatation and cyst formation, as well as other changes, were found in 
all parts of the tubules. The various stages of atrophy of segments of a 
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previously formed nephron and localized areas of scar tissue near such 
sites of parenchymal alteration raise serious doubts as to the admissi- 
bility of some of the older concepts. It is apparent that von Mutach’s 
hypothesis,’° supported by Roos,’ that the process is a failure of union of 
proximal and distal (ureteric bud) parts of the nephron is not applicable 
here. Since this view has had wide acceptance for several decades, de- 
tailed data on the exact form and distribution of the cysts, conflicting 
with this speculation, have special import. 

The commonly encountered problem of deducing processes, and 
especially their direction, from limited observations of structure is pres- 
ent here. However, the number of demonstrable gradations from rela- 
tively normal nephrons, through minor and more gross variations, to 
well-developed though still small cysts, suggests an orderly and credible 
sequence of change and thus provides a reasonable postulate for a mode 
of formation. In general, changes are occurring and appear to have oc- 
curred in formed tubules and complete nephrons, though these are, at 
this age, still growing. That the different structural forms and different 
stages are present at the same time indicates that processes have been 
proceeding over a period. Thus, there was not necessarily a disturbance, 
strictly limited in time, at some specific stage of development of the 
organ. This continuance of tissue changes, whether considered as normal 
or pathologic, is inherent in the viability of the structures and empha- 
sizes the relation of antenatal and postnatal cysts. 

Etiology is a separate problem and the observations here do not throw 
light on it. So much space has been given, over the last few decades, to 
this aspect of the problem without an adequately demonstrable basis, 
that it is not proposed to add to it here. What is required is a sound 
groundwork from which extensions in the direction of causation can pro- 
ceed, and it is appreciated that appropriately detailed descriptions of 
many cases is required. However, since this case provides so many 
stages of the early phases of cyst formation of one kind, it has been pre- 
sented here in detail. 


SUMMARY 


Cysts of the kidney vary considerably in form and origin. Many 
examples show only the late stages, and these end results do not throw 
light on the early stages of their development. An example of a con- 
genital cystic kidney in a stillborn (36 weeks’ gestation) showed, on 
microdissection, a variety of types in the early stages due to differences 
in site, form, and stage. All cysts arose in the tubules. Though minor 
changes in renal corpuscles were seen, no glomerular cyst was demon- 
strated. 
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The distribution, arrangement and structure of these cysts clearly 


indicate that, as far as this type is concerned, general propositions such 
as “failure of union” of components of the nephron are inapplicable. 
The cysts arise by dilatation of various parts of the formed tubules of 
the nephron. 


Io. 
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LEGENDS FOR FIGURES 


Fic. 1. Nephron—long type. Note adherent connective tissue and the broad short 
loop of Henle. Dimensions: Renal corpuscle (R.C.), 136 by 160 mw; proximal 
convoluted tubule (P.C.T.), length 2.3 mm., 30 to 62 w; loop of Henle (L.H.), 
descending limb, 0.9 mm., 25 to 37 uw; L.H., ascending limb, 1.8 mm., 25 to 
44 m; distal convoluted tubule (D.C.T.), 0.6 mm., 25 to 37 yw. Total length of 
nephron, 5.6 mm. X 58. 


Fic. 2. Nephron—intermediate type. Dimensions: R.C., 125 by 160 yw; P.C.T., 1.2 
mm., 37 to 62 uw; L.H., descending limb, 0.4 mm., 37 to 50 uw; L.H., ascending 
limb, 1.0 mm., 37 to 50 uw; D.C.T., 1.0 mm., 25 to 62 uw. Total length of nephron, 
3.6mm. X 58. 


Fic. 3. Nephron—short type. It was not possible in this type to demarcate the 
descending limb of Henle’s loop precisely. Dimensions: R.C., 87 by 125 py; 
P.C.T., 1.4 mm., 31 to 62 uw; L.H., ascending limb, 0.8 mm., 31 to 37 w; D.C.T., 
0.4 mm., 31 to 44 w. Total length of nephron, 2.6 mm. X 58. 


Fic. 4. Upper portion of an ascending limb of Henle’s loop and the distal convoluted 
tubule (each having prominent diverticula) and a collecting tubule. Dimensions: 
diameters of ascending limb and distal convoluted tubule, 30 to 50 uw. X 136. 


Fic. 5. Portion of a descending limb of Henle’s loop, illustrating the small diverticula 
commonly present in this stout segment. Dimensions: 31 to 37 w. X 136. 


Fic. 6. Upper portion of an ascending limb of Henle’s loop with distal convoluted 
tubule and collecting tubules. The adherent connective tissue and diverticula 
are prominent. Dimensions: Ascending limb, 50 4; D.C.T., 50 to 62 yw; collecting 
tubules, 37 to 62 w. X 58. 
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7. A proximal convoluted tubule with a normal terminal tapering to a thin 
descending loop of Henle. This type of tubule was uncommon. Note the ad- 
herence of connective tissue. Dimensions: R.C., 136 by 160 yw; P.T., length 
2.7mm., 19 to 112 w; L.H., 12 w. X 58. 


8. A short, stout proximal convoluted tubule, illustrating dilatation and poor 
convolution. Dimensions: R.C., 150 by 185 w; tubule, 1.8 mm., 37 to 74 w. X 58. 


g. A short proximal convoluted tubule ending blindly in a small connective 
tissue tuft. Dilatations alternate with constrictions. Dimensions: R.C., 112 by 
124 w; tubule, 1.4 mm., 25 to 87 uw. X 136. 


to. A short proximal convoluted tubule which terminates in a small cystic 
dilatation. Dimensions: R.C., 112 uw; tubule, 0.9 mm., 50 to 62 uw; cystic dila- 
tation, 100 by 136 uw. X 136. 


11. A short proximal convoluted tubule showing a cystic dilatation near the 
small blunt termination. Dimensions: R.C., 100 by 187 mw; tubule, 1.2 mm., 37 
to 62 uw; cystic dilatation, 136 by 156 uw. X 136. 


12. A blindly ending terminal of a proximal convoluted tubule. x 136. 


13. Cystic dilatation within an aglomerular tubule. The terminal portion of the 
tubule ends in a connective tissue tuft. Dimensions: cystic dilatation, 112 y; 
above dilatation, 25 wu; below dilatation, 19 mw; other diameters, 25 to 87 uw. 
X 136. 
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A HISTOCHEMICAL STUDY OF THE PROTEIN 
NATURE OF AMYLOID 


Samuet W. Tuompson, II, D.V.M., M.S.*; Rosert G. Gen, D.V.M.,t ann 
Hersert S. YAMANAKA, B.S.$ 


From the Pathology Division, United States Army Medical Research and 
Nutrition Laboratory, Fitzsimons General Hospital, Denver, Colo. 


Amyloid is a hyalin-like, structureless, translucent substance which 
accumulates between parenchymatous cells and in connective tissues. 
Virchow * in 1854 proposed the name amyloid for this substance to de- 
note its gross and microscopic appearance and its affinity for iodine (a 
characteristic of starch). It is believed to be a mixture of protein, 
glycoprotein, other polysaccharides and, occasionally, lipids.?~+ 

Giles and Calkins ** were able to study the composition of an almost 
pure amyloid deposit in the liver of a patient dying of tuberculosis and 
secondary amyloidosis. Their chemical analysis suggested that the sub- 
stance was hydrophilic and chiefly protein in content, but also contained 
about 4 per cent carbohydrate, of which 1.5 per cent was aminosugar. 
By chromatography they demonstrated that both glucosamine and 
galactosamine were present in the ratio of 4 to 1, indicating that chon- 
droitin sulfate was not a major carbohydrate component; this was con- 
trary to the observations of other investigators.?->*"" 

Giles and Calkins *:* were also able to demonstrate that almost 2 per 
cent of the carbohydrate content of amyloid occurred as bound neutral 
sugars (chiefly glucose and galactose in approximately equal amounts), 
as well as uronic acid (0.6 per cent). They observed also that the hexose- 
amine concentrations found in several amyloid-containing livers from 
both horses and human beings was roughly proportional to the amyloid 
concentrations, as judged from histologic examination. The virtual ab- 
sence of phosphorus, purines and pyrimidines, which they reported, 
would indicate that nucleic acids are not detectable in amyloid and that 
amyloid is not merely altered protoplasm. 

Calkins and Cohen published observations based on the analysis of 
amyloid recovered post mortem from the livers and spleens of 8 human 
subjects. Their findings were essentially similar to those of Giles and 
Calkins. Numerous investigators using electrophoretic and immuno- 
chemical methods have reported that amyloid contained appreciable 

Accepted for publication, January 23, 1961. 
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quantities of serum globulins.*:*'** Heparin has also been implicated 
as a possible component."* 

Various theories of etiology have been advanced. Jones and Frazier ** 
believed that amyloidosis was an alteration of a mucopolysaccharide 
reticulum response. According to these authors, the proteins were pre- 
cipitated by a reaction of a circulating antigen with antibody. Amyloid 
was especially abundant in the reticuloendothelial cells of affected 
animals.*® Several investigators have commented on the role of these 
cells in the pathogenesis of the deposit.*?* ** Ehrich ** offered the theory 
that amyloid might be due to the production of a pathologic protein by 
normal or abnormal plasma cells and might be a precipitate of protein 
with mucopolysaccharide. Mallory and Warren suggested the pos- 
sible role of perverted fibroblastic activity in the formation of the sub- 
stance, while Geer, Strong, McGill and Muslow” suggested that it might 
arise as an alteration of the connective tissue ground substance. 
Teilum ** noted that the development of deposits in the spleen was pre- 
ceded by the accumulation of periodic acid-Schiff (PAS) positive and 
pyroninophylic substances within splenic reticuloendothelial cells. He 
regarded these substances as indicative of abnormal glycoprotein syn- 
thesis and as precursors of amyloid. In commenting on Teilum’s find- 
ings, Cohen, Calkins and Levene” stated: “... the evidence that these 
histologic features per se denote abnormal glycoprotein synthesis would 
seem to be circumstantial. The conclusion that simply because the ac- 
cumulation of PAS-positive and pyroninophilic material precedes the 
development of amyloidosis, the former substance is a precursor of the 
latter does not appear to be justified.” 

The view which has received considerable attention during the last 
decade, as summarized by Symmers,? is that amyloidosis is a manifesta- 
tion of immunologic disturbance. It was postulated that amyloid, which 
might be the insoluble glycoprotein product of a local antigen-antibody 
reaction, was deposited in prepared situations. The detection of globulin 
as a constituent of amyloid has given considerable impetus to the role 
of antigen-antibody reaction.*’"*1*"* Another factor in favor of this 
concept was the increase of the globulin and glycoprotein fractions in 
the serums of affected animals and man.**** Calkins, Cohen and Gitlin * 
showed, however, that human amyloid homogenates did not bind anti- 
gamma globulin as did precipitates of gamma globulin antibody. This 
would suggest that amyloid was not a simple antigen-antibody precipi- 
tate. These authors observed that globulins were present but pointed out 
that this alone did not constitute proof of an antigen-antibody reaction. 
Although numerous references have been made to the protein nature of 
amyloid, we were unable to find specific citations of its histochemical 
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demonstration. The investigation reported here was undertaken to 
demonstrate those protein-reactive groups characteristic of amyloid 
and also to determine the similarity or dissimilarity of amyloid found 
in various species. 


MATERIAL AND METHODS 


Kidney, liver, spleen and heart were obtained at necropsy from examples of 
amyloidosis in rabbits, hamsters, horses, mice, chickens, ducks, dogs and human 
subjects (Table I). A total of 30 tissues from 23 cases were used. The tissues were 


TABLE I 
SOURCE OF SPECIMENS 


Case 
no. Tissue Species Remarks 
I Liver, kidney Human Secondary amyloidosis—primary disease unknown 
2 Liver, kidney Human Secondary amyloidosis—primary disease unknown 
3 Spleen, heart Human Secondary amyloidosis—primary disease unknown 
4 Kidney Human Secondary amyloidosis—primary disease unknown 
5 Spleen, kidney Human Secondary amyloidosis—primary disease unknown 
6 Kidney Human Secondary amyloidosis—primary disease unknown 
7 Spleen Chicken Amyloidosis secondary to tuberculosis 
8 Spleen Chicken Amyloidosis secondary to tuberculosis 
9 Spleen Chicken Amyloidosis secondary to tuberculosis 
bk) Spleen Chicken Amyloidosis secondary to tuberculosis 
II Spleen Chicken Amyloidosis secondary to tuberculosis 
12 Spleen Mouse Secondary amyloidosis—primary disease unknown 
13 Spleen Mouse Amyloidosis secondary to chronic nephritis 
14 Spleen Mouse Amyloidosis secondary to tuberculosis 
15 Spleen Mouse Amyloidosis secondary to tuberculosis 
16 Spleen Dog Amyloidosis secondary to canine distemper 
17 Kidney Dog Amyloidosis secondary to chronic nephritis 
18 Kidney Dog Primary amyloid nephrosis 
19 _—— Liver, spleen, Duck Experimental amyloidosis induced by methylcholan- 
kidney threne 
20 ~—S_ Liver Duck Experimental amyloidosis induced by methylcholan- 
threne 
21 Spleen Rabbit Amyloidosis secondary to chronic pneumonitis and 
emphysema 
22 Liver Horse Amyloidosis secondary to coccidioidomycosis 


23 Spleen, liver Hamster Amyloidosis secondary to subcutaneous abscesses 


fixed in neutral buffered 10 per cent formalin, and paraffin sections were cut at 6 to 
8 uw. Deparaffined serial sections of each specimen were treated by a wide variety of 
techniques, as follows: 

1. For demonstration of tissue structures: hematoxylin and eosin.* 

2. Localization and quantitation of amyloid: Congo red (Bernhold’s),™ crystal 
violet ® and thioflavine T.” Sections stained by the latter method were examined by 
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fluorescent microscopy, using a Phillips CS 150 mercury vapor source and 6 mm. UGI 
transmission and 2.5 mm. Euphose absorption filters. 

3. Demonstration of glycogen, mucopolysaccharides, polysaccharides and glyco- 
protein: periodic acid-Schiff (PAS),” acetylation-PAS,™ acetylation-deacetylation- 
PAS,” bromination-PAS * and performic acid-Schiff.™ 

In order to reduce the number of tissue sections to be handled, 9 cases, all with 
significant deposits of amyloid, were selected for further study with protein stains. 
This group contained specimens representative of all species included in the study. 
The sections were celloidinized after being mounted on slides. 

Danielli’s dinitrofluorobenzene (DNFB) stains were used to demonstrate the 
presence of sulfhydryl, disulfide, tyrosyl and amino groups.” The staining procedures 
were performed according to schedules reported by Thompson and colleagues.* With 
the exception of the method for arginine, paired sections (experimental and control) 
from each case were stained by each of the following procedures: 

1. The specific demonstration of sulfhydryl groups: Control sections were treated 
with benzoyl chloride in anhydrous pyridine (benzoylation) to block sulfhydryl 
groups as well as tyrosyl and amino groups. Both the experimental and control sec- 
tions were then treated with sodium nitrite to block amino groups, diazoaniline to 
block tyrosyl groups, and then stained with DNFB coupled with H acid (the mono- 
sodium salt of 8-amino-1-naphthol-3, 6-disulfonic acid). 

2. The specific demonstration of disulfide groups: The control and experimental 
sections were benzoylated to block any sulfhydryl, amino or tyrosyl groups present. 
The experimental sections were then treated with sodium cyanide to reduce non- 
reactive disulfide groups to reactive sulfhydryl groups. Both experimental and con- 
trol sections were subsequently stained with DNFB coupled with H acid. Additional 
sections from each case were methylated in acidified methyl alcohol before benzoyla- 
tion and subsequent DNFB-H acid staining. This was done to block carboxyl” 
groups which might stain with DNFB and lead to a false interpretation of the 
presence of disulfide groups. 

3. The specific demonstration of amino groups: Control sections were benzoylated 
to block amino groups, together with sulfhydryl and tyrosyl groups. Both experi- 
mental and control sections were then treated with diazoaniline to block tyrosyl 
groups and hydrogen peroxide to oxidize sulfhydryls to nonreactive disulfides and 
stained with DNFB coupled with H acid. 

4. The specific demonstration of tyrosyl groups: Control sections were benzoylated 
to block tyrosyl groups as well as sulfhydryl and amino groups. Both experimental 
and control sections were then treated with sodium nitrite to block amino groups, 
hydrogen peroxide to block sulfhydryl groups and stained with DNFB coupled with H 
acid. 

5. The specific demonstration of tryptophan: Control sections were benzoylated 
to block tryptophan, then both the experimental and control sections were stained 
with the p-dimethylaminobenzaldehyde method of Adams.” 

6. The specific demonstration of arginine: Sections from each case were stained 
by the 8-hydroxyquinoline technique.” Sections of mature rat testes were used as 
positive controls for this stain. 


RESULTS 


The staining reactions of amyloid in the tissue sections from the 
various species were sufficiently uniform so that the results may be re- 
ported without reference to the affected tissue or species (Table IT). 
The tissue sections stained for sulfhydryl, disulfide, tyrosyl and amino 
groups were evaluated by comparison with the specifically blocked con- 
trol sections. 


= & 
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The characteristic structure, as well as the uniform positive reaction 
to accepted tests for amyloid (crystal violet, Congo red and thioflavine 
T) indicated that the tissues used in this study contained substances 
which would usually be interpreted as amyloid. The established fact that 
amyloid contains a carbohydrate component was confirmed by the pres- 
ence of 1,2-glycol groups or their amino or alkylamino derivatives as 


TaBLe IT 
STAINING CHARACTERISTICS OF AMYLOID IN TISSUES FROM 8 SPECIES 
Stain Staining reaction to amyloid 
Congo red Positive 
Crystal violet Positive 
Thioflavine T Positive 
Periodic acid-Schiff (PAS) Positive 
Acetylation-PAS Negative 
Acetylation-deacetylation-PAS Positive 
Bromination-PAS Positive 
Performic acid-Schiff Positive 
Sulfhydryl DNFB Negative to weakly positive 
Disulfide DNFB Strongly positive 
Amino DNFB Positive 
Tyrosyl DNFB Negative 
Tryptophan Positive 
Arginine Negative 


denoted by the consistently positive PAS reaction.*® The latter, observed 
subsequent to bromination, would suggest that glycogen was not a part 
of the carbohydrate component of amyloid or at least was not present in 
demonstrable quantities.*° These procedures were performed to estab- 
lish the fact that the amyloid in the various tissues employed in this 
study adequately conformed to a sufficient number of the histochemical 
characteristics of this substance. 

That amyloid contains substances of a glycoprotein nature was sug- 
gested by the demonstration of hydroxyl or amino groups and by the 
negative PAS reaction following acetylation and the restoration of PAS 
positivity upon deacetylation of the acetylated sections.* The con- 
sistently positive performic acid-Schiff reaction indicated the presence 
of ethylenic linkages,*° and possibly cystine.*® The latter reaction could 
be interpreted as denoting the presence of carbohydrates, lipids or pro- 
teins, and is not particularly enlightening. 

The specific protein stains employed were used to determine the 
nature of the protein components of amyloid as indicated by the pres- 
ence or absence of certain reactive groups characteristic of proteins in 
general. The results obtained confirmed the previous reports attesting 
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to the protein nature of amyloid.?~**1?- However, the specific reactive 
groups of protein present in amyloid have not, to our knowledge, been 
previously reported. Variable quantities of these specific groups were 
thought to be in an available reactive form prior to staining ** and not 
appreciably altered by the fixative which was used.***” 

The protein stains used in this study demonstrated that amyloid in 
rabbits, hamsters, horses, mice, chickens, ducks, dogs and human be- 
ings was characterized by the consistent presence of disulfide linkages 
and amino, tryptophan and sulfhydryl groups. This was only a quali- 
tative demonstration and did not necessarily reflect their relative abun- 
dance. However, the extremely intense staining reaction obtained with 
the stain for disulfide linkages, and the weak reaction with the sulfhydryl 
stain suggested that disulfides were present in greater abundance than 
sulfhydryls. If one accepts Pearse’s view,*® the presence of disulfide 
groups in amyloid was also confirmed by the positive performic acid- 
Schiff reaction. 

Sulfhydryl groups are found in the amino acid cysteine, which is 
not usually encountered in tissues as such, but is present in the form 
of glutathione.** This polypeptide is widely distributed throughout the 
animal body, and is certainly not foreign to the tissues in which amyloid 
was observed in this study. As for amino groups, these are found as com- 
ponents of a wide variety of polypeptides, and their presence would 
be expected to be demonstrable in nearly all the sites of protein in the 
animal body. Of particular interest was the consistently positive reac- 
tion obtained with the stain employed for the demonstration of tryp- 
tophan. This amino acid is present in many animal proteins, among 
which are fibrinogen, gamma globulin, and casein.** From a review of 
the literature it is evident that tryptophan-containing proteins have fre- 
quently been reported to be incorporated in amyloid or related to it 
etiologically. On the other hand, tryptophan is noticeably absent in 
animal proteins such as collagen and elastin,*® which have been fre- 
quently considered as possible precursors of amyloid. 

The absence of arginine, or at least our inability to demonstrate it, 
is also of interest. Arginine is present in most proteins, particularly the 
histones,** and has been shown to be a component of Mallory’s “alco- 
holic” hyalin.** The methods available for the demonstration of 
arginine are not extremely sensitive. However, we are of the opinion 
that the absence of this amino acid in amyloid was not related to any 
fault of the method since we obtained consistently positive results with 
control tissue (mature rat testes). Similarly, the consistently negative 
reaction in sections stained for the demonstration of tyrosyl groups is 
significant since this amino acid is widely distributed throughout the 
animal body and is a component of many proteins.*? 
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Our most striking observation was the consistent demonstration of 
large quantities of cystine, as denoted by the intense positive staining 
reaction for disulfide linkages (Figs. 1 to 6). Disulfides may occur in 
tissues as a result of oxidation of free cysteine with formation of cystine. 
As mentioned previously, free cysteine as such is generally not found in 
animal tissues, but large quantities are present in the form of polypeptide 
glutathione. Therefore, the disulfides (cystine) demonstrated were more 
likely a result of the oxidation of glutathione.*® The abundance of stain- 
able sulfhydryl groups (cysteine in glutathione) in the cellular com- 
ponents of all tissues and the weak staining reaction obtained for these 
groups in amyloid itself suggests that glutathione was present in large 
quantities in the former and in minimal quantities in the latter sites. 
Conversely, the absence of stainable disulfides in all tissues and their 
abundance in amyloid suggests that glutathione was present in the 
former sites in an unoxidized form and for the most part in the latter 
site in an oxidized form. 

It can be postulated that a significant portion of the protein component 
of amyloid apparently represents a protein degradation product (oxi- 
dized glutathione) which is not usually found in parenchymatous tissues 
of the animal body. One might wonder if amyloid was not therefore re- 
lated to some form of abnormal protein metabolism, influenced by fac- 
tors as yet unknown. It is also evident that the presence of cystine would 
readily account for reactive sulfur groups. The availability of such 
sulfur groups could account for the earlier beliefs that chondroitin sul- 
fates or heparin were components of amyloid.?->**)"7 


SUMMARY 


Amyloid deposits in tissues from chickens, dogs, hamsters, horses, 
mice, rabbits, and human subjects were subjected to a battery of stain- 
ing procedures. Specific stains for disulfide linkages, sulfhydryl, tyrosyl 
and amino groups, tryptophan and arginine were employed. Amino acids 
and polypeptides containing disulfide linkages were found to be a con- 
stant and significant component of amyloid, regardless of the tissue or 
species in which it occurred. 
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LEGENDS FOR FIGURES 


All photomicrographs were made from tissue sections stained specifically to demon- 
strate disulfide linkages. 


Fic.1. Hepatic amyloidosis secondary to multiple subcutaneous abscesses in a 
hamster. X 220. 


Fic. 2. Amyloidosis in the spleen of a chicken, secondary to tuberculosis. X 220. 


Fic. 3. Secondary amyloidosis in a human kidney; the primary disease is unknown 
in this case. X 220. 


Fic. 4. Splenic amyloidosis secondary to distemper in a dog. X 220. 
Fic. 5. Hepatic amyloidosis secondary to coccidioidomycosis in a horse. X 550. 


Fic.6. Duck. Hepatic amyloidosis experimentally induced by the administration 
of methylcholanthrene. x 880. 
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THE AMERICAN ASSOCIATION OF PATHOLOGISTS 
AND BACTERIOLOGISTS 


Fifty-eighth Annual Meeting 


DRAKE HOTEL 
Chicago, Illinois 


April 26th, 27th, and 28th, 1961 
PRESIDENT KIDD IN THE CHAIR 
BUSINESS MEETING 
The meeting was called to order at 2:00 p.m. 


The following nominations for elective officers were submitted by 
the Council: 


President Dr. D. Murray ANGEVINE 
Vice-President Dr. SIpNEY C. MADDEN 
Secretary Dr. Douctas H. SPRUNT 
Treasurer Dr. JOHN R. CARTER 
Council Member (unexpired term 

of Dr. Syverton) Dr. WILLIAM B. WARTMAN 
Incoming Member of Council Dr. PATRICK J. FITZGERALD 


Additional nominations were called for. None having been offered, it 
was moved, seconded, and directed that the Secretary be instructed to 
cast a unanimous ballot for the entire slate. 

The President commented on the purposes and aims of the Associa- 
tion, emphasizing that excellence in membership, scientific program, and 
The Journal is its goal. He indicated that individuals chosen for mem- 
bership are those scientists with records of achievement in the fields of 
pathology and microbiology and the promise of continuing productivity. 
The President announced that for the time being, the scientific portion 
of the annual meeting would be continued as single sessions. Members 
with suggestions for improving the programs were asked to communi- 
cate with the Program Committee, consisting of the President, Vice- 
President, Secretary and Editor-in-Chief. 

Dr. Gall, Editor-in-Chief, The American Journal of Pathology, re- 
ported the state of The Journal and announced that the Editorial Board 
would be expanded to twelve members in order to broaden its scope of 
activity. He stated that there had been an increase in both number of 
manuscripts and pages of manuscript published in the last two years. 
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The acceptance rate is now 39 per cent, and the time interval between 
acceptance of articles and publication is approximately six months. An 
alteration in Journal policy in respect to publication of death notices 
was announced; obituaries of deceased officers, editors, holders of the 
Gold Headed Cane and other distinguished members as determined by 
Council will be published in The Journal. 

The Editor-in-Chief was congratulated by the President on the man- 
agement and improvement of The Journal. 

The President reported the following actions of the Council: 


Election of New Members 


Klaus Bensch 
Wilhelm Bernhard 
Jay L. Bernstein 
William J. Cheatham 
Ernest W. Chick 
Charles G. Cochrane 
Richard B. Cohen 
James B. Gibson 

Gil M. Goldberg 
Alfred H. Handler 

M. Daria Haust 

James B. Hutcheson 
Bong Hak Hyun 
Frank L. Jennings 
Cecilie Leuchtenberger 
Rudolf G. H. Leuchtenberger 
Anton Lindner 


Charles H. Lupton, Jr. 
Guido Majno 

William F. McCormick 
Councilman Morgan 
Marvin Murray 
Richard L. Naeye 
Keith R. Porter 

Victor J. Rosen, Jr. 
Umberto Saffiotti 

Leon Z. Saunders 

Dante G. Scarpelli 
Chandler A. Stetson, Jr. 
Carlos Tejaau 

John B. Thomison 
Cornelius A. Wagenvoort 
Ronald A. Welsh 

Drake W. Will 


Marjorie J. Williams 


Election of Assistants to Officers and Editorial Assistant 


Assistant Secretary . 
Assistant Treasurer . 
Editorial Assistant . 


Dr. Jack P. Strong 
Dr. John Higginson 
Miss Janet E. Smith 


With deep regret, the recording of the deaths of: 


Osborne A. Brines 
Joseph E. Flynn 
Frederich H. Foucar 
Ernest W. Goodpasture 
Russell L. Holman 
Kano Ikeda 

Herman Josephy 


Aaron E. Margulis 
Pierre Masson 

Valy Menkin 

Maud L. Menten 
Noble P. Sherwood 
Jerome T. Syverton 
Theodore R. Waugh 
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The President announced that the next annual meeting (1962) will be 
held in Montreal at the Queen Elizabeth Hotel during the last week of 
April. The title of the Symposium will be “The Pathologic Consequences 
of Immunologic Reactions.” The referee will be Dr. Frank J. Dixon. 

The Secretary announced that the Gold Headed Cane had been pre- 
sented to Dr. Eugene Opie at the 1960 meeting in Memphis. 

It was moved from the floor, seconded, and voted unanimously to 
thank the local committee, headed by Dr. Cecil A. Krakower, for the 
excellent arrangements for the 1961 meeting. 

There being no new business, the Business Meeting was adjourned at 
2:25 p.m. 

Douctas H. Sprunt, Secretary 


AWARD OF THE GOLD HEADED CANE 


At an extension of the Business Meeting during the Annual Banquet 
on April 27, 1961, the Gold Headed Cane was presented in absentia to 
Dr. George Hoyt Whipple. Dr. Sidney C. Madden made the following 
citation: 

It is an honor to be asked to make this citation. In the eyes of those 
of us who know him well, George Hoyt Whipple is and has always been 
a legendary man. At the same time he has been a real and straight- 
forward person, always stimulating new interest in young men and 
women in medicine, and continually publishing the results of new labo- 
ratory investigations by himself and his associates. He is still doing so, 
now at the age of 82. 

To go back a few years, in 1907, as a first-year resident, he studied 
a case of what he named intestinal lipodystrophy, often since called 
Whipple’s disease. He published it. He always publishes his work—and 
promptly. 

He early acquired an interest in pigment metabolism. In 1907-1908, 
on a year’s leave from Johns Hopkins as a pathologist in the Canal Zone, 
he examined many cases of acute malaria and wrote a widely read paper 
on The Pathology of Blackwater Fever. Twenty-six years later he was 
to receive a Nobel Prize for further work on pigment metabolism. 

In 1914, with Dr. Ernest Goodpasture, another recipient of the Gold 
Headed Cane, he studied blood fibrinogen production. His and his asso- 
ciates’ further work in pigment and blood protein fields led, by 1917, to 
a report at the American Physiological Society meeting on the effect of 
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diet on new hemoglobin production, with the report of the particularly 
potent effect of liver being published three years later. 

Dr. Whipple has related a significant incident in association with 
this work. His collaborator, Dr. Charles Hooper, wished to test a liver 
extract in patients with anemia. He prepared an alcoholic, fat-free ex- 
tract, gave it subcutaneously to three patients in 1918, and observed 
remissions. But the clinicians laughed the sensitive and shy Dr. Hooper 
off the wards, telling him he had only spontaneous remissions! The ex- 
tract almost certainly contained potent vitamin Biz, and patients dying 
of pernicious anemia might have been saved beginning in 1918 instead 
of in 1926. 

Dr. Whipple has remarked: “It is tragic that Dr. Hooper made no 
published record of this material, its preparation and its effect on clinical 
cases. This story illustrates an important principle that a junior worker 
should never be turned back by self-styled experts or critics. The critics 
should be helpful, and the junior should persist in spite of various 
thoughtless comments.” 

The sequel to this story is that Dr. Whipple and associates persisted 
with their work in dogs until 8 years later a distant pair of clinical in- 
vestigators, Doctors Minot and Murphy, demonstrated the value of 
liver feeding in patients with pernicious anemia. The Nobel citation 
reads: 

“Of the 3 prize-winners it was Whipple who first occupied himself 
with the investigations for which the prize has now been awarded. . . 
These results of Whipple’s gave Minot and Murphy the idea that .. . fa- 
vorable results might . . . also be obtained in the case of pernicious ane- 
mia...” 

I cite this high light with its prize. There have been numerous other 
high lights. Noteworthy is the early study in 1922, with Dr. Stafford 
Warren, of x-ray injury of the intestine. 

Substantial contributions were made to knowledge of iron metabolism, 
blood plasma protein source, production and utilization, shock, and 
other problems. They are still being made. He has recently published 
upon the distribution of vitamin B12 in body tissues. 

As a teacher he has always evidenced great satisfaction. His method: 
short talk, long-continued example. He introduced significant opportu- 
nities for learning, such as the student fellowship in research which he 
began for University of California medical students in 1916 and con- 
tinued later at the University of Rochester. 

As a wise leader he developed a new medical school at Rochester in 
the nineteen twenties, which advanced rapidly into the company of lead- 
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ing medical schools. Some believe that it had a unique atmosphere of 
student-faculty rapport-with-high-productivity under his guidance. 

His example of productivity in research and teaching, while adminis- 
tering in the school and laboratory, sets a mark high on the Gold Headed 
Cane. 

We are proud to award it to George Hoyt Whipple. We can feel even in 
his absence the warmth of his modest pleasure at the approval of his fel- 
low pathologists. 


REPORT OF THE TREASURER 


The report of the Treasurer was submitted to the Council and ac- 
cepted. It was accompanied by a letter of certification from Ralph Cole, 
Certified Public Accountant, of Washington, D.C. In condensed form, 
the Treasurer’s report follows: 


General Checking Account 


Receipts 
Transfer of funds, Riggs National Bank, savings account... $ 1,500.00 
Interest on savings accounts, dividends on shares of stock 
owned and on shares with savings and loan associations... 1,604.18 
17,544.41 
Disbursements 
American Journal of Pathology............... $10,920.00 
American Journal of Pathology, Editor’s office. . 259.90 
11,179.90 
Printing, supplies, miscellaneous............ 2,480.37 
2,805.09 
Treasurer’s office, bonding and auditing....... 100.00 
Printing, supplies, miscellaneous............ 349.31 


674.31 
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Miscellaneous 
Intersociety Committee on Pathology Infor- 
Intersociety Committee to Increase Research 
National Society for Medical Research...... 50.00 
International Committee of Pathology...... 56.40 
American Society of Human Genetics, ab- 
stracts, duplicating, addressing, postage... . 531.86 
Fabrication of gold-headed replicas......... 196.45 
1,818.54 
Add: Interest earned but not paid on savings accounts.............. 204.56 


Total $ 1,732.29 


Investment Inventory 
Savings Accounts 


Riggs National Bank, Washington, D.C............... $ 3,633.03 
First & Citizens National Bank, Alexandria, Va......... 2,216.12 
Olympic Savings & Loan Association, Berwyn, IIl....... 5,000.00 
Home Savings & Loan Association, Los Angeles, Calif... 5,000.00 
Mutual Savings & Loan Association, Pasadena, Calif..... 5,000.00 
$20,849.15 
Stocks 
219 shares, Adams Express Company.................. 5,590.63 
100 shares, United States and Foreign Securities Corp..... 3,385.90 
200 shares, Tri-Continental Corp...................... 6,261.00 
300 shares, Blyvooruitzicht Gold Mining Co., Ltd....... 1,278.45 
200 shares, Consolidated Discovery Yellowknife Mines, 
60 shares, Kerr-Addison Gold Mines, Ltd............... 1,269.77 
200 shares, Stilfontein Gold Mine................... 1,200.76 
19,820.51 


ELBERT DECoursEy, Treasurer 


SCIENTIFIC PROCEEDINGS 


PROGRAM 


Wednesday Afternoon, April 26 


PATRICK J. FiTZGERALD,* Department of Pathology, State University of New 
York College of Medicine, and the Institute of Pathology, Kings County Hos- 
pital Medical Center, Brooklyn, N.Y. 
A “Dry” Mounting Autoradiographic Technique for the Intracellular Lo- 
calization of Water-Soluble Radioactive Compounds. 


J. L. Van Lancxker and O. Smoot, Department of Pathology and Primate 
Laboratory, University of Wisconsin, Madison, Wis. 
Metabolic Alterations after Total Body Dose of X-Radiation. 


S. W. Lieprncott,* W. Catvo, C. R. JANsEN, C. BAKER and L. E. Farr, Medi- 
cal Department and Physics Department, Brookhaven National Laboratory, 
Upton, N.Y. 
Giant Cell Formation in Neoplasms Resulting from Heavy Particle Radi- 
ation. 


B. Biack-SCHAFFER,* Department of Pathology, Cincinnati General Hospital, 
Cincinnati, Ohio. 
Protection Against Mega G Acceleration by Hypothermic Immersion of a 
Nonhibernator (Rat) and a Hibernator (Hamster). 


Davip B. Jones,* State University of New York, Upstate Medical Center, 
Syracuse, N.Y. 
The Alteration of Fibromucin in Glomerular Disease; an Electron Micro- 
scopic and Light Microscopic Study Using Three Dimensional Recon- 
struction. 


F. STEPHEN VOGEL,* JoHN W. Evans and LigsELOTTE Kemper, Cornell Uni- 
versity, New York, N.Y. 
The Neurotoxic Properties of Copper with Consideration of the Role of 
the Metal in the Pathogenesis of Hepatolenticular Degeneration. 


M. WacusTEIn,* E, MEtset and C. Fatcon, Department of Pathology, St. 
Catherine’s Hospital, Brooklyn, N.Y. 
Hepatic Phosphatases in Infections and Induced Liver Cell Damage. 


Boris H. RueBNER and Katsumi Mryat, Department of Pathology, The Johns 
Hopkins Hospital, Baltimore, Md. 
The Kupffer Cell Reaction in Experimental Viral Hepatitis. 


* Asterisks indicate members of The American Association of Pathologists and Bac- 


teriologists. All others appear on the program “by invitation.” 
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Victor M. ArEAN * and JouNn B. Henry, with the technical assistance of 
BARBARA HUTCHINSON and JAMEs GREEN, Department of Pathology, College 
of Medicine, University of Florida, Gainesville, Fla. 
The Pathogenesis of Leptospirosis. I. Biochemical and Histochemical Ob- 
servations on the Kidney, Liver and Serum of Experimentally Infected 
Guinea Pigs. 


Joun B. THomison, Department of Pathology, Vanderbilt Medical School, 
Nashville, Tenn. 
Giant Cell Formation in Tissue Culture Infected with Measles Virus: 
Analysis of Time Lapse Cinematographic Studies. 


A. R. Miunctey, Jr., B. G. Pierce, Jr., and W. O. WeicLe,* Department of 
Pathology, University of Pittsburgh School of Medicine, Pittsburgh, Pa. 
Immunobiological Identification of Human Chorionic Gonadotropin. 


Janis V. Kiavins,* NATHAN KAUFMAN * and THomas D. Kinney,* Depart- 
ment of Pathology, School of Medicine, Duke University, Durham, N.C. 
Cardiovascular Changes During Ethionine Administration. 


R. M. O’NEAL,* and W. J. S. St1tt, Department of Pathology, Washington Uni- 
versity School of Medicine, St. Louis, Mo. 
Dietary Fat and Choline Deficiency. 


Harvey F. Watts, Temple Hospital, Philadelphia, Pa. 
The Pathogenesis of Human Coronary Artery Atherosclerosis: Demonstra- 
tions of Serum Lipoproteins in the Lesions and of Localized Intimal En- 
zyme Defects by Histochemistry. 


Thursday Morning, April 27 


Rosert E. FEcHNER and Marcaret G. SmitH,* Department of Pathology, 
Washington University School of Medicine, St. Louis, Mo. 
Fatal Coxsackie B Virus Infection in the Newborn. 


S. E. Down1ne, R. A. Vipone, H. Branopt and A. A. Lizsow,* Yale University 
School of Medicine, New Haven, Conn. 
Experimental Pulmonary Hypertension. 


Ira Gore,* Department of Pathology, Harvard Medical School; Department 
of Nutrition, Harvard School of Public Health; and Veterans Administration 
Hospital, West Roxbury, Mass.; Kenzo TANAKA, Department of Pathology, 
Harvard Medical School, Boston, Mass., and Kyushu University, Fukuoka, 
Japan; and Bernarp J. LarKeEy, Veterans Administration Hospital, West 
Roxbury, Mass. 

Pulmonary Vascular Lesions Following the Repeated Intravenous Admin- 

istration of Thromboplastin. 


R. A. Hanp, and A. B. CHANDLER, Department of Pathology, Medical College 
of Georgia, Augusta, Ga. 
Atherosclerotic Metamorphosis of Thromboemboli in the Rabbit. 


EMANUEL Rusirn and Lotte Strauss,* Department of Pathology, The Mount 
Sinai Hospital, New York, N.Y. 
Nonthrombotic Pulmonary Vascular Obstructions in the Newborn. 


L. J. McCormack * and ANGELO Scanu, Cleveland Clinic, Cleveland, Ohio. 
The Pathology of Triton-Induced Canine Atherosclerosis. 
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Gorpon R. Henn1GaAR,* ALEXANDER H. Hecctveit and THomas G. MorrIoNneE,* 
State University of New York, Department of Pathology, Brooklyn, N.Y. 
Panaortitis. 


RicHarD Novak and Paut B. Szanto,* Department of Pathology of Cook 
County Hospital and The Hektoen Institute of Medical Research, Chicago, Il. 
Angioarchitecture of the Aorta. 


JEROME KLEINERMAN * and Grorce W. Wricut, Department of Medical Re- 
search, Saint Luke’s Hospital, Cleveland, Ohio. 
The Gross and Microscopic Pathology of Physiologically Defined Diffuse 
Obstructive Emphysema. 


Konrap H. Sorrcet and SweLpon C. Sommers,* Massachusetts Memorial 
Hospital, Boston, Mass. 
The Characteristic Alveolar Lesion of Idiopathic Pulmonary Hemosiderosis. 


Wa ter R. Benson,* Department of Pathology, University of North Carolina 
School of Medicine, Chapel Hill, N.C. 
The Incidence of Mammary Tumors after Treatment with DL-Ethionine 
and N-2-Fluorenylacetamide. 


A. Miata, H. Imar and R. M. O’NeEat,* Department of Pathology, Washing- 
ton University School of Medicine, St. Louis, Mo. 
Lipemia and Tumor Implantation. 


H. BraunstTeE1n,* Department of Pathology, College of Medicine, University of 
Cincinnati and Cincinnati General Hospital, Cincinnati, Ohio. 
Histochemical Survey of 23 Enzymes in 179 Neoplasms. 


Leopotp G. Koss,* Memorial Hospital for Cancer and Allied Diseases, New 
York, N.Y. 
Cytologic and Histologic Patterns of im Situ and Early Infiltrating Car- 
cinoma of the Endometrium. 


Thursday Afternoon, April 27 


STANLEY M. Kurtz and Joseru D. FeipMan,* University of Pittsburgh School 
of Medicine, Department of Pathology, Pittsburgh, Pa. 
Electron and Fluorescence Microscope Studies of the Injured Glomerulus 
Following I.V. Injections of Proteins. 


G. Biozis and B. Sparco,* Department of Pathology, University of Chicago, 
Chicago, Ill. 
The Nephrotic Syndrome Produced in the Rat by Repeated Injections of 
Homologous Kidney and Pertussis Vaccine. 


Raymonp W. Stestay, Department of Obstetrics and Gynecology, University 
of Chicago School of Medicine, Chicago, IIl. 
Localization of Heterologous Antibodies to Human Placenta in Human 
Kidney. 


Dovuctas WaAuGH * and HANNAH BESCHEL, Departments of Pathology, Queen’s 
University and Hotel Dieu Hospital, Kingston, Ontario, Canada. 
Cervical Epithelial Reflux in Experimental and Human Acute Nephrosis. 
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5. WaALLAcE A. Jones and BENJAMIN CASTLEMAN,* Department of Pathology, 
Massachusetts General Hospital, Boston, Mass. 
An Anatomic Study of the Liver in Young Women with Liver Disease and 
Hyperglobulinemia. 


6. Marvin R. Dunn, Smpney ELtis and Howarp FREEDMAN, Departments of 
Pathology and Pharmacology, Woman’s Medical College of Pennsylvania, Phila- 
delphia, Pa. 

The Failure of an Adrenergic Blocking Agent (Dibenzyline) to Prevent 
Hepatic Necrosis Caused by Carbon Tetrachloride. 


7. J. Hiccrnson,* B. BrapLow and J. A. Dunn, Department of Pathology, Uni- 
versity of Kansas Medical Center, Kansas City, Kans., and Department of Pa- 
thology, University of Witwatersrand, and South African Institute of Medical 
Research, Johannesburg, South Africa. 

The Effect of Cirrhosis on the Pattern of Hemosiderin Deposition. 


8. W.L. Past and F. G. Poore, Department of Pathology, University of Louisville 
School of Medicine, Louisville, Ky. 
The Histologic Demonstration of Iron in Osseous Tissue. 


9. Ropert P. BoLANDE,* LEONA WuRzZ, and ENRIQUE E. Ecker, Institute of Pa- 
thology Western Reserve University, Cleveland, Ohio. 
Photodynamic Action on Human Serum and Cell Cultures. 


10. Ropert H. FENNELL, Jr.,* and J. J. VAzquez,* Departments of Pathology, Uni- 
versity of Pittsburgh School of Medicine and Presbyterian Hospital, Pittsburgh, 
Pa. 
The Variability in Tissue-Localizing Properties of Serum from Different 
Diseases. 


11. A. ANDRADE and FriorENzOo ParonetTO0, Department of Pathology, The 
Mount Sinai Hospital, New York, N.Y. 
Immunocytochemical Studies on Schistosomiasis. 
12. C. Merritt WHorton,* Paut C. Hupcins and James J. Conners, Pathology 
and Research Laboratories, St. Vincent’s Hospital, Jacksonville, Fla. 


Abnormal Spectrophotometric Absorption Spectra of Myoglobin Isolated 
from Patients with Muscular Dystrophy. 


Friday Morning, April 28 
SyMPosIUM ON ALTERATIONS OF FINE STRUCTURE IN TISSUE AND CELLS 


Referee (by invitation of Council): Wilhelm Bernhard 


1. JosepH D. FetpMan,* J. J. VAzquez * and Frank J. Drxon,* Department 
of Pathology, University of Pittsburgh School of Medicine, Pittsburgh, Pa. 
Ultrastructure of the Renal Glomerulus in Experimental Glomerulonephri- 

tis. 
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J. CHurc,* W. Mautner, E. GrisHMAN * and G. EIsNner, Department of 
Pathology and Cell Research Laboratory, The Mount Sinai Hospital, New York, 
N.Y. 


Fine Structure of Glomerular Capillaries in Proteinuria. 


B. Sparco,* G. Biozis, D. Rowtey * and F. Fircu, Department of Pathology, 
University of Chicago, Chicago, Ill. 
Lesions of Separate Glomerular Components Characteristic of Specific Dis- 
orders Resulting in the Nephrotic Syndrome. 


BENJAMIN F. Trump and Eart P. Benpitt,* Department of Pathology, Uni- 
versity of Washington School of Medicine, Seattle, Wash. 
The Pathogenesis of Glomerular Lesions in Chronic Human Renal Disease 
as Seen with the Electron Microscope. 


Howarp C. Hoprs,* Atronso J. StRANO, RoBert A. TURNER and HELMUT 
REDETSKI, Department of Pathology, the University of Texas—Medical Branch, 
Galveston, Texas. 
Electron Micrographic Studies of Antigen-Antibody Reaction (Arthus 
Lesion) in Tissue Employing Labeled Antigen. 


R. S Stone, W. J. Brown * and K. Bick, Department of Pathology, School of 
Medicine, University of California, Los Angeles, Calif. 
Ultrastructure Alterations in the Cerebellum Due to Organic Mercury: 
Experimental Minamata Disease. 


Net V. P. Fernanpo and Henry Z. Movat,* Department of Pathology, Uni- 
versity of Toronto, Toronto, Canada. 
Electron Microscopic Studies of Fibrillogenesis During Repair of Connec- 
tive Tissue in the Dermis and Tendon. 


James C. Harkin * and C. Anprew L. Bassett, Hospital for Special Surgery, 
Philip D. Wilson Research Foundation, affiliated with The New York Hospital- 
Cornell Medical Center, and Department of Orthopedic Surgery, College of 
Physicians and Surgeons, Columbia University, New York, N.Y. 
Ossification and Calcification; Correlated Electron Microscopic and Tissue 
Culture Studies. 


R. J. SteNnceEr, D. Sprro,* R. E. Scutty * and J. M. SHANNon, Department of 
Pathology, Cincinnati General Hospital, Cincinnati, Ohio, College of Physicians 
and Surgeons, Columbia University, New York, N.Y., Harvard Medical School 
and Massachusetts General Hospital, Boston, Mass. 

Physiological and Ultrastructural Changes in Ischemic Skeletal Muscle. 


Boris Guert * and Joun J. Motnar, Department of Pathology, Albert Ein- 
stein College of Medicine, New York, N.Y. 
The Lead-Poisoned Liver Cell under the Electron Microscope. 


Witiiam H. Cuase, Department of Pathology, Faculty of Medicine, University 
of British Columbia, Vancouver, B.C., Canada. 
Observations in Cytoplasmic Ground Substance During Toxic Liver Injury. 


Z. Hruspan, H. Swirt and R. W. Wisster,* Departments of Pathology and 
Zoology, University of Chicago, Chicago, Ill. 

Alterations in the Fine Structure of Pancreatic Acinar Cells in B-3-Thienyl- 
alanine Fed Rats. 
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LAWRENCE HERMAN and Patrick J. FitzGERALD,* Department of Pathology, 

State University of New York, Downstate Medical Center, Brooklyn, N.Y. 
Changes in the Ergastoplasm of the Acinar Cells of Rat Pancreas During 
Degeneration and Regeneration. 


SypnEy S. Lazarus * and Bruno W. VoLK,* Isaac Albert Research Institute of 
the Jewish Chronic Disease Hospital, Brooklyn, N.Y. 
Ultramicroscopic Alterations in Pancreatic B Cells of Dogs after Growth 
Hormone. 


Friday Afternoon, April 28 


J. R. Wittramson and J. W. GrisHam, Department of Pathology, Washington 
University School of Medicine, St. Louis, Mo. 
Electron Microscopic Changes in Endothelium During Emigration of Leu- 
kocytes in Acute Inflammation. 


Gumwo Majno, Department of Pathology, Harvard Medical School, Boston, 
Mass. 
The Vascular Injury of Acute Inflammation: Contributions of the Electron 
Microscope. 


James B. CAULFIELD, Department of Pathology, Massachusetts General Hos- 
pital, Boston, Mass., and Davip Sprro,* Department of Pathology, College of 
Physicians and Surgeons, Columbia University, New York, N.Y. 

Renal Hyaline Droplet Formation and Transport Induced by Amino Acids. 


James F. Recer, Martin P. Hutt and Harry B. NEUSTEIN, University of 
Colorado, Denver, Colo. 
The Kidney: Electron Microscopic Observations of Ferritin and Hyaline 
Droplets in a Case of Paroxysmal Nocturnal Hemoglobinuria. 


G. W. RicHTER,* The New York Hospital-Cornell Medical Center, New York, 
N.Y. 
Ferritin Synthesis and Changes in Fine Structure Induced in Various Cells 
in Vivo and in Vitro with Compounds of Iron: Implication for Protein 
Synthesis. 


CounciLMAN Morean, College of Physicians and Surgeons, Columbia Uni- 
versity, New York, N.Y. 
Mechanisms of Viral Development and Release. 


F. H. Surexey, J. D. Geer, B. R. ALLEN and D. H. Moore, The Memorial 
Sloan-Kettering Cancer Center and the Rockefeller Institute, New York, N.Y. 
Observation on the Fine Structure of Some Human Tumors. 


K. R. Porter and C. Brunt, Rockefeller Institute, New York, N.Y. 
An Analysis of Observations on the Fine Structure of Tumor Cells. 


W. Bernuarp (referee),’ Institut de Recherches sur le Cancer, Villejuif, Paris, 
France. 
Alterations of Fine Structure in Cancer Cells. 


By invitation of Council. 
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E. R. Gasrrett * and J. I. Wypycn, Millard Fillmore Research Institute, Buf- 
falo, N.Y. 


Kinetics of the Catabolism of Circulating Hemoglobin. 


Wa H. Jr.* and Mitprep C. Watson, Department of Pathology, 
Tulane University School of Medicine, New Orleans, La. 
Electron Microscope Studies of the Human Epidermis; the Cytology of 
Bowen’s Disease. 


S. M. SaEEp and GeraLp Fine, Department of Laboratories, Henry Ford Hos- 
pital, Detroit, Mich. 
Xanthic Lesions of the Kidney (Xanthogranulomatous Pyelonephritis). 


Ernest W. Cuick, Duke University School of Medicine and the VA Hospital, 
Durham, N.C. 


Enhancement of Aspergillus Infection in the Leukemic Chicken. 


ELLEN VAN DER Hoeven, the Departments of Pathology, Queen’s University and 
Hotel Dieu Hospital, Kingston, Ontario, Canada. 
An Electron Microscopic Study of the Human Male Breast in Gyneco- 
mastia. 


MasamicuHr and ALFrep Ancrist,* Albert Einstein College of Medicine, 
New York, N.Y. 


Histochemical Studies of Heart Valves and Nonbacterial Vegetations. 


FENTON SCHAFFNER, HANS Popper,* Trpor BARKA, IRMIN STERNLIEB and 
I. HERBERT SCHEINBERG, Departments of Pathology, The Mount Sinai Hospital, 
and Medicine, Albert Einstein College of Medicine and Bronx Municipal Hos- 
pital Center, Bronx, N.Y. 

Fine Structure of Liver Cells in Wilson’s Disease. 


BJARNE PEARSON,* PAuL Wo LF, FRED Grose and Martian ANpDREwS, Detroit 
Institute of Cancer Research, and Department of Pathology, Wayne State Uni- 
versity, Detroit, Mich. 
A Comparative Histochemical Study of 17 6-Hydroxysteroid Dehydrogen- 
ase in Cirrhosis of the Liver. 


Frank Y. Watson and LAWRENCE HERMAN, Department of Pathology, State 
University of New York, Downstate Medical Center, and the Institute of Pa- 
thology, Kings County Hospital Center, Brooklyn, N.Y. 

Preliminary Electron Microscopy Study of Paget’s Cells. 


Tom R. Hamitton,* Keirn W. AsHcrRAFT, JOHNITA B. ForssBerGc, ANTONI M. 
DiIEHL, WILLIAM SEEMAN and MartHaA Brapy, Departments of Microbiology, 
Pediatrics and Psychiatry, University of Kansas Medical Center, Kansas City, 
Kans., and Children’s Cardiac Center, Kansas City, Mo. 
Study of Children in Rheumatic and Nonrheumatic Families, Relative to 
17-Hydroxycorticosteroid Levels in Urine and Blood. 


J. W. GrisuaM and H. J. WoHttman, Departments of Pathology and Pediatrics, 
Washington University School of Medicine, St. Louis, Mo. 
Alterations in Hepatic Ultrastructure in a Case of Glycogen Storage Disease. 
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GrorcE D. Sorenson, Department of Pathology, Washington University School 
of Medicine, St. Louis 10, Mo. 
The Ultrastructure of Bone Marrow from Patients with Multiple Myeloma. 


H. Watts, Temple Hospital, Philadelphia, Pa. 
The Fine Structure of Human Coronary Arteries. 


H. Warts, and Rosert Harwick, Pathology Department and Surgery Depart- 
ment, Temple University Hospital, Philadelphia, Pa. 
Adenoid Cystic Carcinoma (“Cylindroma”) of the Head and Neck—a 
Clinical-Pathologic Study. 


D. R. SHANKLIN,* A. P. RicHarpson, Jr., and G. RotHste1n, Department of 
Pathology, College of Medicine, University of Florida, Gainesville, Fla. 
On the Nature of Testicular Hilar Nodules in Adrenogenital Syndrome. 


N. Kerenyt and K. Sorcer, Departments of Health, Regional Laboratory, Fred- 
ericton, New Brunswick, and Pathology, Dalhousie University, Halifax, Nova 
Scotia, Canada. 

Hyaline Deposits in the Follicles of Human Spleens. 


LELAND D. Stopparp,* Ernest W. Cuick and Hy Cuartes Sussman, Depart- 
ment of Pathology, Medical College of Georgia, Augusta, Ga. 
Experimental Renal Tubular Necrosis in the Rabbit: The Effects of In- 
travenous Homologous Hemoglobin and Total and Subtotal Temporary 
Unilateral Ischemia. 


Harop R. Cotte and Irvine Sorrer, Institute of Pathology, Kings County 
Hospital Center and Department of Pathology, State University of New York 
College of Medicine, Brooklyn, N.Y. 
Traumatic Endocarditis Caused by Displaced Polyethylene Catheters; Re- 
port of Three Cases. 


Leo Wrtt1AMs and Paut B. Szanto,* Cook County Hospital, Chicago, IIl. 
The Role of Hemodynamic Factors in the Pathogenesis of Coronary 
Sclerosis. 


H. Rospert Dubey, Davin Sprro * and H. Harris, Departments of 
Pathology, Massachusetts General Hospital, Boston, Mass., College of Physi- 
cians and Surgeons, Columbia University, New York, N.Y., and Department of 
Orthopedics, Massachusetts General Hospital, Boston, Mass. 

The Fine Structure of Polyostotic Fibrous Dysplasia. 


C. T. AsHwortH,* Department of Pathology, The University of Texas South- 
western Medical School, Dallas, Texas. 
Electron Microscopy of Liver in Normal Lipid Metabolism and in Fatty 
Metamorphosis. 


STANLEY M. Kurtz and Josep D. FeLpMAN,* Department of Pathology, Uni- 
versity of Pittsburgh School of Medicine, Pittsburgh, Pa. 
Fluorescent Antibody and Electron Microscopic Studies of the Kidney 
after Protein Overload. 


C. A. Hettwie,* R. P. Storrer, J. W. Wetcu and E. N. McCusker, Hertzler 
Clinic and Hertzler Research Foundation, Halstead, Kans. 
The Thyroid Gland after Age Fifty. 
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25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33- 


34. 


35. 


Grorce Mites * and Micuet Ocuoa, 411 West Dickens, Chicago, Ill. 
The Occurrence of Focal Fat Necrosis and Hemorrhage in the Pancreas 
Incidental to Acute Myocardial Infarction. 


C. Hocu-Liceti * and R. D1az-Perez, Department of Pathology, University of 
Virginia School of Medicine, Charlottesville, Va., and Veterans Administration 
Center, Martinsburg, W. Va. 
Damage to the Conduction System of Heart in Stillborn and Newborn In- 
fants. 


J. M. B. BLoopwortH, Jr.,* Ohio State University College of Medicine, Colum- 
bus, Ohio. 
The Contribution of Electron Microscopy Utilizing Autopsy Material to 
the Problem of Glomerulosclerosis. 


Joun M. Kissane, Washington University School of Medicine, St. Louis, Mo. 
Quantitative Histochemistry of the Kidney; Segmental Differentiation of 
the Proximal Tubule by Microdissection and Microenzymology. 


Joun M. Kissane and Evcene Horr, Department of Pathology, Washington 
University School of Medicine, St. Louis, Mo. 
Quantitative Histochemistry in Aminonucleoside Nephrosis. 


Javier Artas-STELLA * and Marto SALDANA, Institute of Pathology, Faculty of 
Medicine, Lima, Peru. 
The Structure of the Pulmonary Trunk in People Living at High Altitude. 


R. H. Ricpon,* The University of Texas Medical Branch, Galveston, Texas. 
Amyloidosis—Spontaneous Occurrence in White Pekin Duck. 


Bruno W. Votk * and Sypney S. Lazarus,* Isaac Albert Research Institute of 
the Jewish Chronic Disease Hospital, Brooklyn, N.Y. 
Effect of Cortisone and Sulfonylurea Pretreatment on B Cell Toxicity of 
Alloxan. 


Monroe Brrns, BertHA MaseK and Oscar AVERBACH,* Veterans Administra- 
tion Hospital, East Orange, N.J., and College of Physicians and Surgeons, Co- 
lumbia University, New York, N.Y. 
Histochemical Study of Rat Liver in Experimental Acute Obstructive 
Jaundice. 


GeorcE G. GLENNER * and Davin G. LuTHRINGER, National Institutes of Health, 
Bethesda, Md., and George Washington University School of Medicine, Wash- 
ington, D.C. 
Demonstration of Endamebae in Tissue Sections by a Modified Methena- 
mine-Silver Nitrate Technique. 


SaLvapor Castro and ALvAN G. ForAKER,* Research Laboratory, Baptist Me- 
morial Hospital, Jacksonville, Fla. 
Nucleolar Mass and Allied Phenomena in Normal and Regenerating Rat 
Liver. 


B. OBer,* ANN PoLtak,* Kurt E. GERSTMANN, and HERBERT S. 

KupPPERMAN, Knickerbocker Hospital and Bronx Hospital, New York, N.Y. 
Krukenberg Tumors with Androgenic and Progestational Activity: Report 
of Two Cases. 
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